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GENERAL 


fn introducing a re-issue of this important work 
under the above title, the conductors deem it right 
in the first place to glanco here, as fully as space 
will permit, at the leading features of its various 
departments, This, they venture to believe, will show 
clearly how well deserved the claim of the work is, to 
be n guide to that class of information calculated to 
be practically useful to the large and influential body 
made up of our various industrial workers; and to 
possess for them a direct pecuniary value in enabling 
them to raise the worth of their services through the 
grenter skill and accuracy which arises from a more 
perfect knowledge of the details of their work, and of 
the principles upon which that work is based, To 
be worthy of this place in practical literature, the 
work, a8 a whole, was baséd on certain leading 
principles adopted after long and anxious con- 
sideration, What thoso principles are, the value 
of which the first issue of the work abundantly 
proved, will be found detailed in the second paper 
in this part—this being the commencement of a 
special paper under the title of “ Technical Education 
in relation to the Present Oondition of our Industrial 
Work.” In the short space at our command hero, it 
is not possible to give a full eidimus or synopsis of 
the various subjects treated of, which would have 
any pretensions to be considered complete. At the 
best we can but glunce at the most important of the 
papers which go to make up the pages of the work 
the re-issue of which the present part begins, Con- 
sidering the evidences which everywhere surround 
us, the innumerable buildings filled with machines of 
every kind, the high reputation which we have long 
enjoyed, and still possess, as makers of the wide 
variety of objects used in the arts and sciences, and 
necessary to man in one or other of his many works 
and wants, it is scarcely necessary to say that a 
very important part of Tue Inpustaia, INstRUCTOR 
is taken up with papers on what, for lack of a better 
name, more descriptive, yet as concise and brief, are 
called the “ Constructive Arts.” Of these—as shelter 
for himself and hia work is a prime necessity of man— 
the arts of “Masonry” and “ Bricklaying” are treated 
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in a thoroughly practical, yet suggestive manner. 
Naturally following upon these important subjects, 
come those in their way not less so—namely “ Oar- 
pentry” and “Joinery,” and the branch of work 
cognate to the latter known aa “Cabinet Making.” 
Olosely connectod with tho work of the joiner and the 
cabinet maker are the departments of “ Ornamental 
Wood Work” and of “ Mouldings,” cach of which 
receives a careful treatment. And, as a natural 
adjunct to the papers above named, we have an 
important one taking up the designing of domestic 
houses, discussed under the title of “The Domestic 
House Planner,” while many of the health-securing 
details are given undor ihe titlo of “The Sanitary 
Architect.” In the varied work of our manufactures, 
machines and mechanical appliances assume a highly 
important part, Many of the points connected with 
the design and the making of these are discussed in 
a series of most suggestive papora under the title 
of “Tho General Machinist”; while the same office 
is done for our principal prime mover or motor, and 
this under the title of “The Steam Engine User.” 
In connection with materials nothing is more remark- 
able than the revolution which has taken place ir. 
the arts of iron and steel making, in which aro iis 
played the highest dovelopments of science, and the 
most strikingly ingenious and successful mechanical 
contrivances, combinations, and appliances, ITence 
particular attention has been given to the two 
subjects of which the titles are “The Iron Maker” 
and “The Steol Maker.” But, os man requires 
the shelter of his house, so equally he demands 
clothing for tho body; and of all the textile (ie. 
woven) fabrica, cotton iy the most largely used, The 
detaila of this manufacture, interesting in all its 
branches, will be found explained in the series of 
papers entitled “The Factory Worker.” And closely 
connected with the making of calico ix its orna- 
mentation in “ colour” and “ design.” The details of 
these are found in the papers entitled “The Calico 
Printer” and “The Colour Manufacturer”; while 
“The Alkali Maker” considers the points connected 
with the making of those substancea which are the 
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basis of a wide variety of manufactures,. Then, as 
shelter and clothing are provided for, comes the pro- 
duction of food, with its imperious demands. Two of 
its most important departments—the crops and cattle 
—will be found in two papers, the one entitled ‘“ The 
Tarmer,” the other “The Grazier”; while cognate 
and highly important subjects are discussed in two 
further papers, “The Land Drainer” and “The 
Road Maker.” Another department closely allied to 
farming work is that of the production of vege- 
tables and fruit, the leading pointa of which are 
given in “ The Market Gardener” and “ The Oottage 
and Villa Gardener”; while several of the points 
connected with the ornamental laying out of the 
garden and grounds are illustrated in “The Garden 
Architect.” But, as nearly all of the departments 
of industrial work we have named require the 
knowledge of certuin principles of science, as well 
as a capability to design the different structures, 
machines, and appliances, information of this cha- 
racter is given in full detail in the papors entitled 
“The Student’s Introduction to Mechanics,” “The 
Young Architect and Engineer,” “The Geometrical 
Draughtsman,” “The Building and Machine Draughts- 
man,” and “Tho Ornamental Draughtsman” ; while 
several points of importance in relation to design will 
be found in the paper entitled “Form and Colour as 
applied to Industrial Decoration,” In addition to 
these, the lending papers, there are a number of minor 
subjects, which, although comparatively brief, never- 
theless still contain a large amount of practical 
information, such as the pupers on “ Belt and Pulley 
Driving Gear,” “ Friction,” “ Bessemer Steel Work- 
ing,’ “ Ensilage,” “Steam Engine Boilers,” “ Water 
in the Industrial Arts,’ “ Fuel and its Combustion,” 
“ Lubrication of Machines,” and “ Cements,” together 
with a numbor of tubles and memoranda containing 
® wide variety of practical information on nearly 
every branch of the “ mechanical” or “ constructive 
arta,” and on “chemistry” applied to the arts, of 
great utility in industrial work, 

Finally, the last feature of Tae Inpvustrriat SELr- 
InstRUcToR to which its conductors deem it necessary 
here to direct attention is the Cyclopedio Technical 
Distionary of the Leading Technical and Trade Terma 
tn Architectural Design and Building Construction. 
The value of this Dictionary was fully acknowledged 
during its publication, and it has proved itself a most 
attractive foature of our work. It gives in brief 
paragraphs a large amount of practical information, 
together with the derivations of the terms, with the 
valuable addition of synonyms in the French and 
German languages, the pronunciation of which— 
always a difficulty to those who have not a knowledge 
of these tongues—is made easy by a very simple and 
readily comprehended method of using English syllables, 


Having thus given the reader a fairly complete 
statement of what subjects “Tam InpvusTRia, 
Instructor” takes up and discusses, with a fulness 
of tllustration rarely attempted in technical litera- 
ture, the conductors deem it necessary, in the interests 
of those readers who are closely concerned with the 
practice of one or other of the many branches of what 
may be called by the general name of industrial work, 
to glance here briefly, by way of practical introduction, 
at the leading points of the great question which is 
now engrossing the public attention, This question 
is, how best to impart a specially practical education 
to those actually engaged in, or who are looking forward 
to being connected as workers with, the great branches 
of that industrial work which has placed our country 
in the highest rank of manufactures and trades, and 
given her that wealth and influence which has made 
her the first of prosperous peoples. This increased and 
increasing attention to the question as here broadly 
stated haa arisen from the important fact that we, 
who at one time, and that not so very remote, possessed 
the monopoly of the world’s manufacturing trade, and 
were practically the sole producers of the world’s 
goods, are now face to face with a fierce competition 
carried on by the very people who, at one time, 
received virtually the whole of their supplies from us. 

The causes which have brought this state of matters 
into existence—a condition of affairs simply of the 
gravest importance to us as a people-—need not be 
here detailed. The reader will find them fully dis- 
cussed, together with practical points which flow out 
of them, in the paper on “ Technical Education in 
relation to the Present Condition of our Industrial 
Work,” the first part of which will be found as the 
succeeding paper to this in the present number, 
Inviting the reader to carefully study the various 
points of this paper, as bearing in reality in the 
closest manner on his welfare as & worker, in whatever 
branch of industry he may be engaged, we proceed to 
glunce at the leading features of the great question 
which we have named, For, however much men may 
differ as to the best way of meeting the difficulties of 
the present position, all are agreed that if anything 
can be done to enable us to regain our supremacy 
as manufacturers of every style of what are called 
by the comprehensive name of “ goods,” something 
ought to be done energetically, and done, moreover, 
at once; inasmuch as a continuance of remunerative 
employment for the vast body of our working 
population is a matter of the highest importance, 
than which, indeed, none can be higher nationally. 

Amongst the methods proposed to bring about this 
most desirable end—and many claim it to be the only 
method—is that of imparting to our great body of 
workers, and to the youths who will one day belong 
to it, a knowledge of the principles upon which the 
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practice of their work is based, so as to make them more 
skilful because working more intelligently, and thus to 
enable them to hold their own— indeed, to excel their 
fellow workmen in foreign countries, who are their 
determined and dangerous competitors, and who are 
said to be much better educated—technically—than 
they are, and are therefore much better able to 
compete with them. 

To the peculiar style of education above named 
the namo of technical has been given; and to the 
solution of the great question How best can it be 
imparted? the nation is now called upon to give its 
best attention, and as a necessity to devote much of 
ita wealth, For to carry any scheme so offectively 
out as to be really worth the money it will cost, it 
must be universally adopted, so as to take in all 
districts of the kingdom, And this large expenditure 
means delay. For even if the legislature had decided 
to make a systematic effort to carry out technical 
education as a national work, much time would pass 
away before the system could be made generally 
available. What has been done as yet has been done 
by private munificenco or corporate liberality ; but, 
much as it uppears, it is in reality little or nothing 
compared to what must yet bo done. The conclusion, 
then, is inevitable, that it will be yours before a 
national system of technical education is established ; 
while during this interval the evil continues—nay, 
will almost certainly bo more and more accentuated 
as time goes on; the competition getting more widely 
extended, more fiercely and forcibly developed. 

And in this connection, a point of essential im- 
portance too long and too frequently overlooked is 
this; that the national system, when first established, 
will only be so in the towns, and of those only the 
largest, and it will be long before the provincial 
villages and rural districts aro even touched. But it 
will be a huge mistake, and a grave one, if these are 
neglected, as a large number of our best engineers, 
mechanics, etc., have beon “lads from the country.” 

But yet another point in this connection muat be 
considered, and this is the direct relation of the 
working man to the public means which may be 
placed at his disposal for the acquirement of technical 
knowledge. Be it understood that we are not now 
considering the case of primary or achool technical 
education for young people ; we are referring now to 
those who are in their apprenticeship, or have just 
started as journeymen, with life and all its responsi- 
bilities before them, and who are impressed with a 
strong necessity to get on in their calling, It would 
be a libel on our working lads and men to say that the 
majority of them are not of this class. But if a census 
were taken of all those attending technical colleges, 
schools, and institutes, it would be matter of great 
surprise to many how small would be the percentage 


of the attendants belonging to the class of actual ap- 
prentices and journeymen who had only their physical 
health and strength, and their skill and ability in 
their respective callings, to depend upon for their 
living. But the technical education we all talk so 
much about is intended, if not wholly, certninly chiefly, 
for the actual workers of the community by whom the 
vast routine of our trades and manufactures is daily 


carried out. And the fact we have named, that so 


few of them, comparatively, avail themaclves of the 
technical schools which are within their reach, is not 
so derogatory to them as many will be at first sight 
apt to decide, It can be accounted for by natural 
causes. What those are will be found fully detailed 
in the paper alroady alluded to on “Technical 
Education,” following this papor in the present 
number. 

The practical result of all that has been here 
advanced—and, did space permit, much more could be 
given—and also in the paragraphs of tho paper on 
“Technical Education” we have referred to, is this. 
That for a long time to come it must bo carried on, 
if carried on at all, by the working lads and men 
themselves anxious to get on in life, and secure, by 
what they can do individually, tho maintenanco of 
our natural supremacy as the best “workers” of the 
world. And, further, that this sel//-education can only, 
and this from the necessities of tho case, in nine 
districts out of ten throughout tho kingdom be carried 
out at home. Taking the actual facta of the present 
position, this is the inevitable conclusion to which 
practical men who Anovw all tho circumstances of the 
position have come, And it was with the wish to 
minister to the wanta of the working classes mainly, 
and to place before them means by which they could 
in the privacy of their homes acquire a knowledgo of 
theso principles upon which all good work is based, 
that the publishers brought out their Innustarar 
SeLr-InstrucTtor. And while, by the concurrent tes- 
timony of the critics, the work was pronounced to be 
one thoroughly practical, and eminently calculated to 
advance the interests of workers, it was particularly 
gratifying to the publishers and conductors of the 
work to find this testimony amply und sincerely 
acknowledged by many of its readers, who at once 
grasped and appreciated the principle upon which the 
plan of the work was based, and the spirit in which 
its various papers were written. 

In presenting to the reader the firat number of the 
re-tasue of what is virtually a complete Cyclopedia af 
the Technical and Industrial Arta of Great Britain 
adapted to Home Study, it will be in his intorest 
if a brief notice is here given of the important 
purpose which the work is designed to serve; of 
the principle upon which it is as a whole based ; 
and of the spirit in which its papers have Leen 
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penned; and which will be a useful supplement to 
the brief résumé of the leading subjects treated of, 
which we havo already given. Holding the views its 
conductors do with regard to what technical education 
is, how it can be carried practically out, and the difi- 
culties in the way of this,—holding further the opinion 
that the system or kind of technical education advo- 
cated by many will not do all that is claimed for it, and 
that something else very different indeed is required 
to enable us to meet the fierce competition which 
confronts us all over the world,—holding these views, 
the conductors of this work maintain this, That, not 
merely for the present, until a national system is carried 
completely out, but for all time to come, what is 
required in the way of a practical education, fitted 
to enable us to cope with the competition now forced 
upon us by nearly all nations, rests with the tndi- 
vidual workman, combined with the actual work of 
the calling by which he gains his livelihood. And 
this home study, this self-inatruction, will not inter- 
fere with, but, on the contrary, greatly aid and 
supplement, such educational help as the workman 
may receive at the hands of the teachers of such 
technical schools as may be established near and 
within casy reach of his residence. And this work, 
which we maintain rests with the worker or workman 
to do, as his part of the labour which nationally 
must be overtaken—this part of the mutual contract 
which must be made by the two great parties in- 
terested in this great question of sel/-instrwction— 
must be carried on in the quiet and privacy of his 
home. 

And to aid all those, whether as apprentices who 
have begun to learn, or as journeymen to carry on 
the work with greater or less ability and skill in one 
or other of the many branches of industrial work, is 
the aim and object of our work—the very reason of 
its existence. Carried on throughout, on the lines 
originally laid down, after the most careful considera- 
tion and a fair knowledge of the wants and neces- 
sities of the classes who live to work and work to 
live, the conductors, after the experience gained by 
the first issue, feel that they are entitled to claim for 
their Journal a practical value of a specially high 
character, It gives in a series of papers the prac- 
tical detuils of the leading handicrafts and trades 
which go to make up by their production the vast 
wealth of the nation, as well as of the leading arts 
and sciences by which these are so powerfully aided, 
and upon the principles of which their practice is 
based. And this is done in clear and intelligible 
language, carefully divested of all those “ learned 
obscurities of terms and theories” which tend much 
more to confuse than to enlighten beginners in the 
study of an art ora trade, These plain statements 
are aided by a profusion of illustration not often 


attempted, and rarely obtained to the dogree which 
our pages display. 

But to aid those who are determinod to devote 
their spare hours, or a large portion of them—for 
wise revreation is as much a duty ax study, and 
rightly carried out greatly aids it—to the work of 
Self-Instruction at Home, always satisfactory both in 
ita mental aspects and in its pecuniary results, the 
conductors of the InpustriaL Seur-Instructor have 
had closely in view throughout its pages that mode 
of treatment of the eubjects which, while it gives the 
reader a clear insight into ita detaile, compels him, go 
to say, to think and observe for himself, The value of 
thought, of viewing a subject “all round,” and the 
almost equally valuable habit of a close and intelli- 
gent observation of facts and circumstances bearing 
upon the points, cannot be overestimated. All the 
points here involved in thus thinking and observing, 
and of the highest import to the student at home 
busily engaged in the work of self-instruction, will be 
found fully detailed in the paper in the text entitled 
“The Workman as a Technical Student: How to 
Study and what to Study,” to the attentive perusal 
of which the conductors of this work feel bound in 
duty to invite all of the readers engaged in seff- 
enstruction. 

In strict uniformity with the great principle upon 
which the Innustniat, SELF-lnstrvorok is based, in 
addition to the important points above named, the 
conductors would here draw attention to another 
point which has a very marked influence of a highly 
beneficial kind upon the successful work of ael/- 
onstruction at home. This is the cultivation of those 
habits the observance of which are not only essential 
to secure success in tho study, but also success in life, 
What these habits are, and how they act nnd re-act, 
alike upon the prosperity of working life and the 
perfection of home study, the reader will find fully 
detailed in the paper above referred to— The Work- 
man as a Technical Student.” And throughout those 
papers dealing with actual work, especially in the 
branches of what is called “construction,” the im- 
portance of attending to those habits above referred 
to will be clearly noticed, and is always implied. 

But while the Inpusrriay SEur-InstrvcToR FOR 
Home Stupy is designed to be spocially useful to 
those actually engaged in daily work of one kind or 
another, its very title indicates that it will be useful 
to the younger branches still at school, and equally, 
though in a different way, to that wide class known 
as General Readers. 

What has now been stated is sufficient to convey to 
the reader a fair idea of the character of our im- 
portant work, the nature and wide extent of its topica, 
the spirit in which the papers are written, and the 
profusion with which all are illustrated. 
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Introductory, 


WE are essentially a nation of industrial workers. England 
has been called “The Workshop of the World,” This dee 
scription is emphatically true, It waa our factoriea alone 
which for a long time clothed all the peoples of the globe— 
our fron and steel works which gave them their metala—our 
machine-shops which furnished them with their machinery, 
tools, and varied appliances. We for long, then, held the 
absolute monopoly of the world’s work. We had no come 
petitors, nor dreamed that we ever should have, But at 
length other nations have entered into a keen and close 
competition with va. But though this be so, and to a greater 
extent than many are willing to admit, it ie still our country 
which is pre-eminently the grand workshop for all peoples, 
We are still the chief producers of the infinitely wide variety 
of objects, which ministor alike to the material necessitica 
and to the luxuries of varied populations in every quarter 
of the globe, It is our ships—a vast floet of sailing and 
steam vesscle-—-which carry them to each and bring back its 
raw products, which with our manufacturing skill we convert 
into objecta of the highest valuc, 

In endeavouring to account for this position which places 
us pre-eminently the first amidst the workers of the world, 
some writers have named one reason, some another, But 
it ja not to one cause, but to several causes—and those of 
varied, but all of great, importance—that must be attributed 
the marvellous sucecss which has hitherto placed us in the 
very front rank of nations as producers of all which man 
requires, Those causes still minister to that commercial 
wealth and commanding influence which makes us the envy 
of less-favoured peoples. 

While it ia truo that we owe much to our isolated position 
that “silver strenk” which draws round our island home 
what some have called a “cordon of safety”—it is traer still 
that we owe vastly more to elements which are connected in 
the closest degree with our individual or national charactere 
istics, 


Peculiarities of English Woek. 


We are, as & people, not only indomitably industrious, but 
peralstently persevering in all we undertake in the way of 
practical work. We have, moreover, a national taste for 
“adventure” which makes our engincera, mechanics, builders, 
inventors, our commercial men, and our tradesmen as bold 
in entering upon unknown and untried schemes ag those 
brave navigators of old who discovered, and those soldiers 
who won for us and kept against the arms of the world 


that empire of ours on which the sun never sets. We ate 
however, above all, & people having a natural taste for 
construction of all kinde—for what is popularly called the 
“making of things,” And this lies at the base of almost 
every kind of work which has to bo done. We are specially 
a mechanical people, as all colonising, adventurous peoples 
are; and above all this—and in this les the main secret of 
our succesi—we are pre-eminently a practical people, We 
are none the legs bold, though, in scheming or thinking out or 
looking for new fields of work. But in this scheming we 
scheme for a practical purpose. The aim and object of all 
our projectsa—however imaginative or sanguine they may at 
the outset aeppear—is that wo shall make something out of 
them: in other words, that we shall make them “pay.” 
Primarily, ag giving vs something uscful in every-day work and 
life as individuals; secondarily, something which of necessity 
becomes practically useful to mankind in general, 


Foreign Competition with English Work, 


But while all thisand moro than this, which might be 
named if space permitted—has done so much for us in raising 
us to tho very first position asa woalthy and powerful people 
we have nevertheless been but too apt to believe that our 
system of working was perfect, And further, that competi. 
tion from any quarter waa a very unlikely thing to take its 
place ag a power which might one day lessen our trade aud 
injurlously affect our commerce. Notwithstanding, it has 
been in the minds of many practical and business mon for 
long, that while we have been pre-eminently successful in 
the making of a market to which all tha world came na 
customers, we might some day find that we had a diMiculty 
to dep it, 

Nor was this conclusion much to be wondered at. We have 
carried on—at least for a long period of ycars—a business 
which could in no sense be called secret or close, In tha 
opinion of many, we have, indeed, if anything, been somewha 
too free in our teaching to other and foreign “peoples "tha 
“mysteries of our crafts.” Nor have wo been leas slack in 
supplying them with the very machinery and appliauccs to 
do the work the invention and possession of which for a long 
time gave us the exclusive power to make “all manner of 
thinga” for the markets of the world, But we have gone 
further than this, We have taught, and from the point of 
view of our own interests taught but too successfully, others 
to do the work which at one time it was we alone who could 
practically compass. We have algo given them the uso of our 
most skilful workmen, of our ablest managers, We have in 
these and in other ways directly and practically in one senso 
educated the people of other countries to be our opponents 
or rivals in production. 

All this has very powerfully aided tho desire which other 
tations naturally had, to produce for themselves those goods, 
for their almost complete supply of which they had for years 
been compelled to come to us. And, in proportion as they 
manufactured for themselves what they bad before bought, ao 
did they obviously require less from us, 
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But, not content with this qualified benefit, some nations 
have gone very much further. They have entered into a 
competition with us in order to wrest from us the trade of 
supplying peoples other than themselves, So keen has this 
competition bocome—with such audacity, so to say, is it carried 
on—that forcign manufacturors not only make goods for 
their own domestic supplies, but absolutcly send them also 
for sale to our own marketg, This, morcover, is done in 
many cases at prices with which we, with our high wages, 
cannot compete, So that the singular spectacle is afforded 
us of having, at our very doom, strong competitors with us 
in the production of goods of which we, at one time, were the 
only makers, And these come from countries which but a 
few years ago comparatively, were wholly dependent on us 
for a supply of these very goods which they can now make, 
and make so well as to be no mean rivals with us in our 
trade, 

Some amongst us make light of these facts. But if their 
remults are not now positively disastrous, they are, at all 
events, suggestive of a time coming when they may be ao. 
And this, as some of our best authorities fear, to an oxtent 
not dreamed of even by those who habitually look to the 
gloomy side of things. But while by no means desirous to 
exaggerate either the nature or the extent of foreign com: 
petition—-which we, as “makers” of all objects, are now face 
to face with—the wisest amongat us feel that it is too grave 
in its aspects to be set aside as a maiter of no, or but of 
comparatively little, moment. Onc fact is certainly grave 
enough to make us as a nation consider seriously our position 
in this matter. In foreign countrics, where but a few years 
ago a factory or workshop making the sama objects woe then 
almost exclusively made, could rarely and only at long dis- 
tances apart be met with, there ere now such places by the 
score, Whole towns and districts are in fact now oocupied— 
and in many of them there are gigantic establishmenta—in 
the production of the very goods in the making of which we 
had that complete monopoly to which we have already 
referred, Nor can we easily arrive at any other than the 
logical conclusion, that precisely in proportion as foreign 
countries can supply themaclves with the goods we formorly 
made, 80 will this affect—and in proportion lessen—our own 
production, But more than this: for in addition to a less 
than usual demand for certain classes of goods, we have to 
tace the fact that some trades are lcaving—~some have almost 
wholly left—us, aud are being now carried on largely, if not 
almost exclusively, in foreign countries, 


Character and Extent of the Foreign Competition which 
English Work now meets with. 


Those who have had opportunitica given them during the 
last thirty years or thercabouts—to go no further back-~of 
visiting various districts of the Oontinent, must have been 
struck with the truth of the statement made in our last para- 
graph. And if proof other than merely ocular, generally or 
practically, or as the result of more protracted observation 
and inquiry, were needod, it can be had, and of. the most 
striking and suggestive kind, in the evidence collected from 
all sources, and those the most trustworthy, by the Royal 
Commissioners appointed to inquire into the whole subject of 
‘Technical Education, and whose report was issued at the 
time we were concluding this General Review for pross. It ja 
idie, and worse than idle, to exaggerate or overestimate the 
importance and extent of the work done in foreign countries, 
which, as having at one period been done absolutely exclu- 
sively by ourselves, ie therefore practically lost to us. But 
it is equally idle, and much worse than idle, foolish in the 
extreme, to treat this foraign competition ag a matter of Little 


moment,’ or as ff, possessing at the present time a power 
which docs bring about « loss to us, this power is in ita nature 
only ephemeral,—-so much so that it will in time be greatly 
overcome if not done wholly away with, wlicn we shall once 
more resume our old position as the sole monopolisera of 
technical and industrial produce, It would scom absurd, look- 
ing at men and the circumstances surrounding them as they 
arc met with in actual life, to take this latter easy-minded 
view of a matter of such vital interest to our country, Never- 
theless, this optimist view, “whatever is js best,” is held by 
many amongst ug, and gives rise to that positive indifforence 
which forbids a wise consideration of what the evil really is, 
and that practical neglect which preventa all attempte to 
get rid of it from boing earnestly made. But it is fortunate 
for the nation that others, more important in point of influ. 
once if not in numbers, take quite another view, and do not 
ignore the facts which are before us, showing how great the 
evil is and what the extent to which work is done by foreign 
countries, which at one time we had, as we have already 
observed, the practical monopoly of. We have sald that 
theac facts have, to a greater or leas extent, been long known 
to those who have an acquaintance with the circumstances of 
foreign countries. But they have been enormously added to 
by the labours of the Royal Technical Commissioners, to 
which we have above referred, Those have been formulated 
with such care, and recorded in the pages of their report in 
auch a practical way, that the whole will form a text-book, 
so to call it, which will be a trustworthy guide to all those 
who desire henceforth to help forward the progress of National 
Technical Education, 
How startling the array of facts thus now at hand bearing 
upon the work actually done by foreign countries, especially 
by those which are our near neighbours on the continent of 
Europe; and how great the loss which accruos to our country 
through a competition which, lessen ‘it as we may in our 
estimation, must of necessity injure us ag w nation of workera, 
a glance at same of the facta recorded ju this Report of the 
Royal Technical Commission will clearly show. We have 
paid that there are those who have made light of this compe. 
tition, if they do not still treat it easily; others with sounder 
reason have feared that it might be cven of greater import- 
ance than such facts ag were up to the publication of the 
report at command would imply. But the wider array of 
those which the labours of the Royal Commissioners have 
made public, have had this result—that the extent of the 
technical and industrial work done in Continental countries 
—in other words, the practical competition they carry on with 
us—ia proved much greater than they (the Commiasioners) had 
reason to expect from such evidence aa they possessed prior to 
their investigation being entered upon. Tho evidence they 
give in their report is of the fullest, and from this point of 
view cminently satisfactory. But from the practical or trade 
point of view, as it concerns us as producorg, it is anything 
but satisfnctory,—-on the contrary, the facts are calculated to 
give us great and grave concern. An admirably concise and 
clear summary of those facts is given in a recent issue of the 
leading journal, the Zimes, which we cannot do better than 
reproduce here, “The modern industrial establishmenta of 
France, Germany, Belgium, and Switrcrland are perfect in 
their kind, Machinery for various purposes, which ia not 
excelled by our own, is produced on the Continent, In 
certain products requiring an intimate knowledge of organic 
chemistry—as in the preparation of artificial colours from coal 
tar, and in some new chemical processes—as in the applica- 
tion of strontia to the manufacture of their sugar (beet-root), 
Germany has taken the lead, Gramme's dynamo machine 
gave the first impulse to electric lighting ; turbines perfect in 


TECHNICAL EDUCATION, 7 


design and execution utilise the water power of Awitzerland ; 
the German railway bridges and roofs are marvels of strength 
and economy of material, thanks to the mathematical know- 
ledge of the German engineers, acquired in the Polytechnic 
School; and as regards the sinking and ventilation of deep 
mines, new methods or inventions have been perfected in 
Belgium. Mulhouse is pre-eminent in the production of cotton 
prints of the most tasteful design and the most perfect cxecu- 
tion. Lyons excels in hand-loom silka of the most expensive 
kinds, and in dyeing and finishing tissues of the same material, 
Woollen yarns are epun at Verviers, from South American 
wool, and exported to Scotland. Basle has monopolised the 
¢rade in ribands; Crefeld is in a fair way todo the same in 
velvets; and Chemnitz is not satisfied with supplying the 
world with cheap hosiery, but is manufacturing mixed fabrics 
of wool, cotton, and jute for the markets of Europe and 
America, The finest merinos manufactured at Rheims are 
supplied to every capital, London not excepted. Railway 
material of every kind is sent from Germany to Spain, and 
from France to Italy ; steel rails are exported from Belgium 
and Westphalia to every part of the globe.” 

Suggestive, and in many respects ominous, as this long 
list is, it would be easy to make it longer still, for in almost, 
if not absolutely in every department of technical and indus- 
trial work, foreigners ate competing with ua. And. if in this 
view we extend the field of inquiry to take in what are called 
minor trades, we find the same element of a direct competition 
with us, and which is morc or loss successful, carried vigorously 
on, We need not take up apace by citing many oxamples 
of this, but as sufficicntly illustrating the point, content our- 
selves by referring those who have the opportunity to make 
the inquiry, to the pointe connected with the supply of 
cutlery in Continental countries, say France, as it now is, 
and what it was not so very many years ago, At that period 
the only cutlery valued was of Hnglish manufacture, and of 
the trade we had the monopoly, But let an honest inquiry 
be made into the mattcr, and it will be found that now we 
neither possess tha reputation of good makcrs, nor tho mono- 
poly which wo so long enjoyed. The more widely the arca 
of the field of inquiry is extended, the more unsatisfactory to 
Os as producers will be its result—as showing that in many 
departmeuts of industry of which, in times gone by, we were 
the undisputed masters, alike as to ability to produce the best, 
and in the markcts which we monopolised, our position is in 
many cases already wholly, and in others is being very rapidly 
ohanged, 


@ome Business Oonsiderations connected with the Foreign 
Competition with English Industrial Work, 

Taking even the most favourable, or the most indifferent 
view of such facts as we have now named, and of others as 
powerful in their way, which we have suggested, we confess 
that it is not easy for any other conclusion to be arrived at 
than this: That if foreign peoples are supplying their own 
home markets with the goods of which we at one time were 
the only producers, just in proportion as they succeed in 
making what supplies their own home demand so must they 
require leas of what we produce, And if, in addition to pro- 
ducing for themselvea, foreign nations enter into the fields of 
trade existing in distant countries, of which we had also at 
one time the complete monopoly, thus closely competing with 
us, just in proportion as that competition is successful so must 
the extent of our supply be lessened. Now, such ig our 
condition in relation to forcign countries. And although it is 
not easy to state precisely in how far this condition brings 
about the lessened business which we now do—in how far it 
is the cause of slack times in our manufacturing districts, 


leading to “short time” in our factorica —it must ba admitted 
that all this is more or loss influenced, and that injuriously, 
by the compcting traders of forcign pooples. To those who 
have had, and may now have, opportunitics of travelling 
much abroad, and who morcover have at least a fair, if not 
& full, knowledge of technical and industrial trade, it is, we 
think, somewhat inconceivable, after thus seeing what thesa 
peoples have done and are doing in the way of establishing 
factories of all kinds, many of them as complete and large 
and some vastly more gigantic and complete than our own, 
that any one should conclude that all this doos not concern 
Us as producers, 

Of the many Englishmen who have gone through the 
manufacturing districta of the Oontinent, and have visited 
some of its most interesting examples of fielde of special 


_ work, a feeling has ever been predominant in the minds of 


the thoughtful amongst them, which hag found cxpreasion 
in many ways, but which may here be illustrated in some 
such questions as these: Here are workshops and factories 
numberless, employing daily large bodies of hands in the 
making of machinery of all kinds, in the manufacture of an 
endless variety of goods, of the system and the appliances of 
which we were the originators, or inventors, and of the 
products of which we were at one time the only makers 
and the only sellers. What is the roason--if there be a reason 
—why we have allowed all this trade, the employmant of 
thousands of paople, and the expendituro of millions of 
pounds, to slip, so to say, ‘from between our fingers’? Or 
how comes it that we have allowed—if it be that wa have 
permitted it—the very peoples who were at one period in their 
history, and that not so far distant, obliged to come to us to 
be supplied with the varied producta of our national industry 
—just a8 much compelled by circumstances as were the 
people of Syria in olden times to go down to buy the ‘corn in 
Ryypt’—to enter the fleld of production of which we at one 
time were the sole posscesors?” And following upon these 
questions, full of most gravo suggestions, have come others, of 
which the following may be taken ag an illustration: “ Sccing 
in tho various districts of the Continent we have witnessed 
abundant evidence of the, to us painful, fact that all this work 
has sumehow slipped from our fingers, is thoro no way by 
which we can get it back again? Or i? that be not possible, 
have we no power nationally to prevent other trades following 
in like fashion—ie. to keep what we have already got?” It 
is just the frequency with which auch or the like questions 
have been of lute yoars askad by far-secing and prudent men, 
who have had opportunitics of seeing and knowing what 
foreign peoples have been doing, and have dune, to tako from 
us, or largely excercise a power of production which wo for 
long held to be onr own exclusively, which has given euch a 
prominence to the question of Technical Education. This, no 
doubt, has been also greatly prompted and promoted by the 
too frequent recurrence of “bad times” in our manufacturing 
districts, or of slackness or dulncgs of trade in one or other or 
in all of our producing branches, And such questions, in 
place of being likely to die out-—the fate of so many questions 
of public interest in times gonc past-—are by the very circum- 
stances of our times, and position as producers, almost certain 
to be put forward with increased and increasing energy, 
domanding to be heard and thorvughly investigated to see if 
there be a favourable answer possible to them, 

No doubt, {n this, as in all other questions of public or 
social interest, extreme views in cither and opposite directions 
are aure to be taken. We have tho view of optimism, or that 
which believes all things to be the best and for the best; on 
the other hand, that of pessimism, or that which holds that 
all is bad and will sure to be worse. But in this, as in most 
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canes, the middle course betwoen those two extreme courses 
ig much more likely to be the just and the accurate one 
Wo are of those, therefore, who, refusing equally to take an 
altogether rose-colonred view of the situation, or a wholly 
dark and gloomy one, believe that while there is enough in 
the actual position of owr technical trades to make as pause 
and rouse us to serious thoughts of the gravest kind, there is 
also enough to give more than the mere gilding of hope— 
which is often delusive and not always realized—a pretty 
fair amount of certainty that better times for us are in store. 
The belief that we still as producers hold a power of which 
no one can deprive us, if only we determine that no one shall 
—s power which can enable us not merely to hold our own, 
that which we now possess, but rightly exercised will or may 
enable ua to recover much of what we have lost, to regain 
that which wo at one time possessed—may still be held by us 
as justified by present circumstances, 

What is this power? The reply to this carries with it 
matter of momentous intercst to us as e nation of workers, 
and with it moreover—indecd, of neceasity—much bearing on 
the general aubject of this Review. A brief inquiry into its 
nature will therefore be of great utility here. 


The High Value of English Oonstructive Work, 


Those who have had opportunitics to institute a comparison 
based upon personal inspection and practical investigation 
between technical and industrial work as carricd on in this 
country and the different countrics of the Continent, have, as 
a rule, arrived at the following conclusion. They have had 
abundant evidence from many districts of the Continent to 
how great an extent trades and manufactures are carried 
on, which at one time were practically monopolised hy this 
country. Some details of this we have already given. Thoy 
have seen numerous machines at work, which rank high as 
examples of mechanical design, while possessing considcrable 
merit in point of construction, Those machines, and various 
appliances which are uscd in conjunction with them, forming 
part of the syatem of general work, are the direct products of 
Continental machinists, But in pushing inquiries further 
they are found to be nearly in all cases basal upon machines 
which originated in this country, were invented by our own 
machinists, and owe all the excellence of their original 
working capabilities to the way in which they were constructed 
by them, This by every investigator well acquainted with 
ecrtain spoclalitics ig scan at a glance, aud is what indeod 
might have boen from tho first anticipated, soelng that tho 
trades and manufactures to which they aro subservient this 
country first originated, and of them we have bad a long and 
Absolute monopoly, In other cases, and over wide districts, 
the machines twcd are found not only to be of British design 
or invention, but also of construction, having bean supplied 
directly by our own machinists. But in all such cases, 
She one featuro which stands prominently forward is the 
superiority which such machines possess, not only in point 
of the materials employed in their construction, in their 
thorough stability or capability of long cndurance in working, 
and the precision with which their work is done, but in the 
high mechanical finish of tho whole. So prominent are all 
these foaturcs, that jn works and factoriea in which mixed 
machines are in operation, the product partly of Continental, 


partly of British machinista, where any partioular machines 
or class of machines are noticeable for their efficiency and 
workmanlike design and finish, they may with considerable 
certainty of accuracy be declared to be the product of British 
machinist, either in design or construction, or in both. This 
may not be so true now as it was bata short time back, for 
auch has been the determination of foreign machinista—in 
Germany perhaps more eapecially--to come up to the high 
standard of British work, that, not content with copying 
design, they have in many respects come up close to us in 
accuracy and high finish in construction, But this is, at 
present at least, exceptional. The same peculiarity rans 
through all branches of machine-making, the machine tools, 
or machines which make machines, and‘'in all classes of 
prime motors by which machinery of every class is driven 
or set and kept in motion, Nor ia this peculiarity, which 
distinguishes all British work in machinery and mechanical 
applances, less characteristic of other branches of our technical 
work—more especially those which come under the head of 
Building Construction, and the cognate arta connected with 
what may be called the interior furnishing of structures of all 
kinds, 


Practicality, the Oharacteristio of English Technical 
and Industrial Work. 


In {inatituting a comparison, then, between tho features of 
Bnglish and Continontal work—taking it all round—that 
feature which stands prominently forward as the pre-eminent 
characteristic of English work ig its thorough “ practicality.’ 
We have glanood in the briefest fashion at some of the 
developments of this, Thig skill in construction, aided as it 
ia by originality in mechanical combination, or by what le 
otherwise called the inventive faculty, and which is also a 
characteristic feature of our countrymen, constitutes the 
“power " by which, beyond all question, wo first gained our 
proud supremacy as the producers of the world, aided, as it ig 
aoarcely necossary to say, by our national habits and per- 
sonal peoullarities, ag well as by our favourable national 
clroumstances. And this pecullar gift has, us we have geen, 
been made applicable to covery kind or class of handiwork 
or of productive industry. Other nations excel us in the 
design and the details of cxecution of what is called 
"artiatio” work; they can compete favourably with us in the 
matter of wages; they possess in many districts, equally with 
ourselves, all the material helps which are essential in 
mechanical and industrial work ; but in this essentially value 
able feature of “ practicality " we distance them all, Nov ona 
has beon as yot able to wrest from us this power, although 
other peoples have developed it to ao high a degree of com: 
parative perfection that it has given rise to the gravest of 
doubta in many minds as to whethor we shall much longer 
continue to maintain our supremacy ag the practical workers 
par exerllence of tho world. We are, however, of those who 
prefer to believe that we con maintain this supremacy, We 
must, however, determine that we shall do go, and not grudge 
any effort required of us; loast of all withhold through 
miserably mistaken notions of economy that pecuniary outlay 
which will be necessary to enable the workers of the future 
to be helped to tho full by all those alds which actence and art 
can bring to them, 
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THE CARPENTER AND HIS TECHNICAL WORK. 


Irs ORIGIN“ AND EARLY PRoGREs#—Tan PRINCIPLES 
AND DETAIL# OF ITS PRACTICE. 





OHAPTER I. 
Introductory. 

Tax carpenter claims for his calling, that if not the 
oldest, it isthe most honourable of all, In the guild 
and other processions of the middle and the succeeding 
ages, and still in modern imitations of them, of which 
those got up with admirable vratsemblance at the fétes 
of some of the leading Continental cities, especially of 
Belgium, are remarkable examples, the carpenters 
took the first place, claiming this in virtue of the 
sacredness given to their trade by the fact that our 
Saviour himself worked in humble carpenter's shop 
in old Judea, The necessities of ahelter from the in- 
clemency of the weather, or of protection from burning 
sun or chilly wind and rain, would compel man to put 
his wits to work, in order to devise the best means 
of securing it, At first the caves and holes of earth, 
the shade of overhangin; cliff and rock, or of some 
secluded spot in bosky wood or dense forest, would 
suffice to meot his wants, But as his numbers in- 
creased, and with them a desire, if not for higher 
personal comfort, at least for greater security against 
marauding foe or plundering neighbour, special 
structures would bo erected. These, if not possessed 
of much that would add to the personal comfort of 
their inhabitants, and far from coming up to even an 
approach in accommodation and construction to the 
poorest of our huts now, would at least have the great 
advantage of sheltcring from the roughest of the 
winds or the heaviest of rains; and the then still 
greater advantage of strength to resist attack. 


Timber the Earliest Material used in Construction, 

The very abundance of timber, in those early 
days when lands were covered to & great extent with 
forests, would naturally attract attention to it. It 
waa moreover the oasiest to be used for constructive 
purposes, for it was met with in as wide o variety of 
shapes as in that of dimensions. And there is little 
doubt that the first habitations of men were composed 
of branches of trees roughly put together. But 
it was long before the art of working in timber 
had so far progressed that large and imposing struc- 
tures could be erected with it. We can, without a 
great stretch of imagination, conceive of its gradual 
progress. At first, tools being of the rudest (possibly 
sharp-edged flint or shell for cutiing, and heavy 
stones for breaking asunder) the very smallest branches, 
mere twigs, would be used; the interstices between 
them, fitted up, as they would be, in roughest fashion 
to form a shelter, being filled in with the smallest of 
twigs, or even leaves possibly, plastered over with mud 


or clay. But with better tools and growing akill the 
branches of trees would be severed from their parent 
stems, and these planted az posts at wider intervals, 
would give points of support, between which smaller 
branches would be placed, and between these the 
intertwined twigs and leaves as before. It would be 
some time before the huge trunks themselves could be 
made use of. No doubt, long before axes sufficiently 
sharp and strong to sever them could be available, 
fire was used to level the lordly trees of the forest 
to the ground ; possibly also for long to separate 
them into manageable logs or lengths, But when 
tools capable of dividing, as saws, of cutting or slicing, 
ag axe or adze, came to the aid of man, a new era in 
the art of working in timber would be opened up to 
him. 
Tools used by the Carpenter. 

The tools of the carpenter are but few in number, 
and to a great extent of extreme simplicity of 
character, as compared with the tools more or less 
elaborate in make, but in number considerable, which 
the requirements of some of the mechanical arts 
demand. But few as the tools of carpentry are, they 
have a history which, if only known to us in its full 
development, would be seen to be full of most sug- 
gestive incidents and of practical value withal. But 
of this we may be sure, that the progress of the art. 
would be dependent on the progress of tool-discovery 
and tool-making, At first the work of tho carpenter 
would be of the simplest; his toola by which that 
work was, so to expross it, bounded or limited, being 
themselves of the simplest. Tho smallest-sized timbers 
—or rather, as we should say, trees—would be dealt 
with,—long, indeed, after the rudimentary struc- 
tures we have already alluded to, which would be 
more correctly called mere booths, or arbours to use 
the popular term, were replaced by erections which 
could be classed under the more imposing name of 
structures. But these could not be made without 
tools. Tools, therefore, would be invented; and, as 
we have said, would naturally ot first be of the 
simplest and lightest character, which could only do 
the simplest or the lightest of work, The subject of 
tools will be treated of under a xpecial head, so we 
leave it for the present and pass on to 


Carpentry as a Oonstructive Art. 


Considered as a purely constructive art, carpentry 
differs from masonry, the chief work of which consists 
in providing structures of stone for the shelter and 
convenience of man as much by the nature of the 
materials which it employs as by the method of 
employing them. In stonework the stones are 
generally placed in horizontal layers the one above 
the other; their weight if they are cut, and the use 
of mortar if they are rough, or if there are any 
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imperfections in cutting to be remedied, giving them 
the necessary stability. Thus are formed compact 
strong walls, broken only by such openings as are 
rendered necessary by the nature of the building. In 
putting up timber-work, on the contrary, a greater 
or less number of squared and properly cut pieces of 
_ wood, which can be inclined in any direction, are put 
together in such a way that the end of the one reats 
on some point of the length of the other, lending each 
other a mutual support. The pieces or members thus 
form light divisions, which have the advantage not 
only of great stability, but also that of being rapidly 
constructed; while the whole structure possesses a 
lightness which is sometimes necessary, and which 
stonework does not give, It is thus that the carpenter 
erecta with remarkable rapidity houses and buildings 
of all kinds; that he divides them into stories in the 
simplest manner ; that he builds bridges of all sizes; 
that he covers the largest buildings; and that his 
results, often preferable to those obtained from another 
kind of construction, are generally less expensive. 


Gome Technical Definitions connected with the Art of 
Carpentry, 

In practical phrase we say that the pieces of timber 
forming any structure in carpentry are “ joined” 
together, and the different methods of “joining” 
are in technical phrase called “ joints.” When two 
pieces are placed simply in contact with each other, 
we use the term—used also by the magon in similar 
circumstances of his materiale—“ bedded,” or say that 
they “ butt,” meaning by those terms that the picces 
of timber merely rest or press one upon another. 
When the pieces are connected by means of projecting 
par'ta and hollows and grooves the terms above named 
are employed, signifying that they are joined by what 
are called “joints.” When a number of pieces are 
so connected firmly together, forming an arrangement 
designed to serve a special purpose, as a floor, a par- 
tition, or a roof, they form what is called in general 
terms an “assemblage,” or more popularly a “ framing ” 
or “framework”; this having its special designation 
ecoording to the purpose which it is designed in 
construction to serve. And this framing, framework, 
or assemblage, is arranged or designed in accordance 
with the principles of the science which dictate what 
the methods are of securing atability in the structure 
asa whole, Those principles come under the general 
title of the “ principles of framing.” 


Proposed Method of Treating the General Subject —The Prac- 
tive of Joining Timbers together, or Joints—The Theory 
and Principles of Framing. 

We thus see that there are two departmenta of 
the art of carpentry, each of which, while it has ita 
leading principle or principles, has also details more 
or Jess numerous. There are two methods by which 
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the pupil can study the art as a whole, first engaging 
himself with the principles of framing, or what may 
be called the theory, and by some ‘has been called the 
architecture of framework; secondly, taking up the 
consideration of the practical methods by which 
the timbers, their position and arrangement, have 
been determined by the design, and this based upon 
the theory of framing, and in practice worked out 
with the various joints deemed best fitted to secure 
the soundest mode of construction and the perma- 
nent stability of the whole. We have taken into 
consideration the general circumstances in which the 
majority of technical students are placed, and also 
those of many of our readers who are not directly 
engaged in industrial work, but still greatly interested 
with many of ite details; and we believe that we shall 
best meet the wishes of the majority of those two 
classes of readers by taking up first the purely manipu- 
lative or handicraft part of the work of the carpenter 
—that is, the “jointa” he uses in forming framework 
or framing—thereafter explaining the principles upon 
which that framing is designed. 

The knowledge of the “joints” is very important, 
inasmuch as when we erect timber-work we should not 
put up a single piece, however useful it may other- 
wise be, without seeing beforehand how it will join 
with the others, and how we shall be able to work it 
out or practically execute it and put it in its place. 
Unless we do so, the projected framework would be 
impracticable. An assemblage of timber or frame- 
work, however complicated in appearance and however 
numerous be the pieces of which it is constituted, is, 
so far as the department of “ joints” is concerned, 
always reducible to two pieces, After being joined 
the two pieces are then to be considered as one; and 
if a third piece be added to this, it does not constitute 
a joint of three pieces, as the pupil might at first 
suppose, but is obviously a new joint, and of which 
the feature is as said above—that is, of two pieces, 
The first piece, composed say of A and B, makes the 
one piece which we call; the third piece, denomi- 
nated D, makes up the assemblage; but so far as the 
“joint ” is concerned of p, there are, strictly speaking, 
only two pieces,c and p. All joints, therefore, require, 
and only are concerned with, two pieces, It is the 
combination of pieces which form an assemblage or 
“framing,” although parts of this may be made up 
of two pieces “ joined,” or of single pieces of timber 
only. The reader will perceive, therefore, that the prac- 
tical work of carpentry—that is, the handicraft skill 
of the carpenter—conaiste, first, in joining pieces con- 
sidered as simple members, and second, in arranging 
those different members so as to form a framing or 
framework; this form being dependent upon the 
character of the office it has to fulfil, or the purpose 
for which it is designed. And, as we have already 
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eaid, in designing this framework or assemblage of 
ingle pieces or members an acquaintance with certain 
physical facta is desiderated, and a knowledge of certain 
mathematical principles and geometrical constructions 
is further necessitated to make these facts available. 
This part of the subject may be called theoretical 
carpentry, and its features will be explained in due 
course in this series of papers, which concerns itself 
with carpentry as a whole. It might perhaps have 
been a more logical method to have considered the 
aubject of theoretical carpentry in the first place, 
thereafter taking up the consideration of the methods 
by which the requirements of theory are met by the 
details of practice. But on due consideration we have 
deemed it most likely to help the pupil, whom we 
suppose to be for the present ignorant or nearly so 
of the subject, to arrive at a rapid knowledge of ita 
practical details and principles or theory, if we take 
tho details first. In illustrating and explaining these, 
much will be given by us, and we hope much will be 
acquired by the pupil, which will bear upon the theory 
and make its various points to be more easily under- 
stood by him. Having by this method of dealing 
with the whole subject a knowledge of what may 
be called the handicraft part of the work, ho will be 
able to give, as it were, a concrete form to much of 
the abstract rensoning involved in the explanation 
of the theoretical principles upon which framing or 
framework is based, The first department, therefore, 
to which we direct the attention of the pupil is that of 


Joints and Various Points connected with them, treated 
of in a number of Consecutive Paragraphs: General 
Character of Joints. 

When two pieces of timber are to be joined, the 
relation they have to bear to one another determines 
the characteristic feature of what is technically called 
the “joint.” Firat, the pieces may be at right angles 
to each other, in which case the joint is called a 
aquare joint; or the pieces may be go placed in 
relation to one another that the one is placed at an 
angle to the other, when the joint is said to be oblique, 
or is sometimes designated as a mitre joint, although 
this last-named joint is one of a special character, 
more closely relating to the work of the joiner than 
that of the carpenter; some of the work of the 
joiner overlapping, so to say, that of the carpenter, 
and vice versed. The exact charactor of the term mitre 
joint will, therefore, be explained and illustrated fully 
in the paper entitled “The Joiner”; for, strictly 
speaking, a mitre joint is one in which the angle is 
invariable, and is used to join pieces which come under 
the firat category named above—that is, of pieces at 
right angles to each other. In addition to the joints 
for piecea or members at right angles and those 
oblique, there is a third class in which a piece, con- 
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atituting a single timber, is made up of two stouter 
pieces, the conjunction being forthed by a particular 
class of joints. We have thus three classes of jointa 
to consider; and of these we take up the first, which 
concerns itself with two pieces, one at right angles to 
the other. But before proceeding to take up the 
systematic description of the classes of “joints” and 
the numerous varieties under each clags, we shall give, 
as introductory to the general subject, illustrations of 
what may be called representative or typical forms 
of joints under the classes we have named, together 
with sundry considerations connected with the general 
subject, and some remarks as to the way in which the 
joints were introduced, or, aa we might put it, invented 
or discovered. 


Representative or Typical Forms of Joints, 
Fig. 1 represents the two simplost forms of the 
square joint named in last paragraph, in which the 
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Fig. 1, 


piece @, or member, is at right angles to the other, 6, 
This will be described in dotail when we come to the 
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systematic consideration of all the classes of joints 
with their varieties. A much higher variety of joint 
of this class is illustrated in fig. 2, which representa 
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Fig. &, 


of the class, known as the mortise and tenon joint, of is horizontal and jointed to the other piece, 6 b, which 


which more hereafter. In fig. 3 we give another is vertical, at 


a given point of its length or height. 


variety of “square joint,” in which one piece, as aa, This illustrates the form of mortise and tenon joint 
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known aa the dovetail mortise andtenon, In fig, 12, 
Plate VII., the reader will find another illustration of 
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upper diagram the oblique member or piece ¢ termi- 
nates at the outer edge of the piece dd. In the lower 


this class of joint, in which the king-post a is joined diagram the oblique piece 42 crosses the other piece 


at right angles to the tie- 
beam b, More forms of 
joints of this variety will 
_ hereafter be illustrated. In 
those three varieties of the 
first class of joints, or 
“square” joints, figs, 1, 2 
and 8, and fig. 12, Plate 
VII., one of the pieces is 
horizontal, the other verti- 
cal; but in fig. 4, while the 
two pieces are still at right 
angles to each other, the 
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Fig, 9. 


k k, #0 as to extend on both 
sides of it, In Plate VII, 
in fig. 6, an example is given 
of an oblique joint in which 
one piece, the “collar beam,” 
,8 a a, crosses horizontally 
the oblique piece, namely 
. the “rafter” 55. We now 
’ give illustrations (figa. 9, 
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sentative of the third clasa 
of joints, in which a long 
piece—considered as one 






piece called the “wall member—-is made out of 
plate,” as 6, runs at ee ene ae a oh two shorter pieces, 
right angles to the eS SS SSS This method of joining 
line of  tie-beam,” ——— as GIES oS a ia known generally as 
aa. Fig. 5 isanother ee, Ore “gearfing.” The sim- 
P ‘ —<w ne : 
example of this variety SSS SSS 2-2: ™== ~~ plest form of this class 
of joint, in which the ae, . “of joint is that known 
piece or “ flooring te ie T as the “half lap,” 


joist,” o¢, crosses the 
“sleeper” plate a at 
right angles, but both 
are horizontal, Of the 
second class of joints, 
or “oblique joints,’ 
we pivean example in 
fig. 6, in which tho 
piece or “strut” or “ brace” 
eor & is oblique to the vertical 
piece or “ queen-post” a a or 
gg. In fig. 12, Plate VII, 
another illustration of an 
oblique joint is given, in which 
the piece or “ strut” ¢ is joined 
obliquely or at an angle to 
the piece or “ king-post” a a. 
Other forms of oblique joints 





arc shown in figs. 8 and ll GY 

in Plate VII. In fig. 7 we * 

give another example of an ifs, 
oblique joint, in which the é ; 
“strut” or “brace” of which Ya z 


the foot joint is ata is oblique 
to the ‘“tie-beam” 8, This 
will be described in a future 
paragraph. In the examples 
in figs. 8, 11, and 12, Plate VII., the oblique piece 
and the vertical piece both lie in the same plane— 
that is, their faces are parallel and run in vertical lines. 
In fig. 8 we illustrate a form of “oblique” joint in 
whieh both pieces lie in a horizontal] plane. In the 
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Fig. 11, 


illustrated in fig. 9. 
Fig. 10 is o true scarf 
joint, and fig. 11 
another example, Ali 
the practical points 
connected with these 
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joints and with other 
varieties, of which 


these are the typical examples, 
will be fully described in their 
approprinte paragraphs in 
succeeding chapters, Mean- 
while we proceed to offer some 
remarks on 





The Origin of Joints in the work 
of the Oarpenter — Practical 
Points contected with the Sub- 
ject. 

Although some of the points 
connected with the origin of 
joints are mora or less con- 
jecturnl, still there ia good 
ground for believing that the 
early work which led to the 
discovery of the joint aa a 
feature of carpentry followed 
very closely the lines we shall 
presently indicate. But apart from other and obvious 
considerations connected with the subject, the youthful 
reader will possibly be led by what is given to see 
the practical advantages which will accrue to him in 
his after life from thinking out or over the various 
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departments of his work. One of the shrewdest and 
most practical of our technical authorities has remarked 
that the great task before our industrial workers, and 
those who are being educated and trained to add to the 
ranks of these, is to learn to think, or in other words, 
toacquire the habit of thought. That this once estab- 
lished, there will ba no doubt of future and further 
progress, as aids and helps of every kind, either in the 
form of technical classes or technical books, are at hand 
to lead the technical workers to exercise their thoughta 
in practically useful directions. And that there is a 
vast deal of truth in this dictum of our eminent 
authority, no one who knows what practical work is, 
and what workmen are, can have any doubt, LEvery- 
thing, therefore, which tends to cultivate this habit 
of thinking possesses a positively practical technical 
value, (Sec the series of papers in this work entitled 
The Technical Worker as a Student—What to Study 
and How to Study.”) We proceed, therefore, to the 
subject of the present paragraph—believing that our 
remarks will not only be practically interesting to the 
tyro, the beginnor in the atudy of the art of carpontry, 
but we have some reason to hope that they will be 
of some suggestive worth to those who, while they 
are well acquainted with both its theory and practice, 
have not as yet attempted to trace to its origin the 
method by which both were arrived at, and by which 
the early labours of the carpenter wore raised from 
the position of mere matter of handicraft skill and 
dexterity to the dignity of a science. | 
In proceeding to traco tho progress of the art of 
carpentry, so fur as it bears upon the general subject 
of “ jointing,” in some of its more special aspects, wo 
have to notice, as already stated in an early paragraph 
on the tools of the carpenter, that in the erection of 
timber structures, those being for along time confined 
wholly to domestic purposes, light timbers for obvious 
reasons would be used in the first instance, And 
this if for no other reason than that they could be 
more easily worked to the desired lengths and shapes 
by the simple tools then used, to say nothing of the 
greater ease with which they would be handled and 
placed in position. But in some instances longer and 
stronger pieces would be required for some special 
purpose than could be conveniently obtained or 
ready to hand. This would naturally lead to the 
consideration of methods by which the desired piece 
of a certain length could be obtained by the junction, 
in some form or another, of two or more of the 
smaller pieces at disposal; and thus the system of 
“joints” would be begun to be established. Joints 
at firet would be of the simplest character, what one 
might call the rudimentary forms being only used, 
Thus we can conceive that amongst the first joints (so 


to call this simple arrangement) required would be 
a method of joining two short pieces together in order 
to make one single long piece. The easiest way to 
do this would be as roughly represented in fig. 12, 
in which the end of one piecc, as a a, would be 
passed over the end of the othcr, as 6 6, the two 
being tied together by means of some simple liga- 
ture, as co; very frequently, as may still be seen in 
some semi-civilized parts of the world, some vegetable 
fibre or willow withes being used for this purpose. 
But this joint would depend for its strength wholly 
upon the strength of the bond or tie at ¢, and on 
the way in which this was tightly drawn and tightly 
secured, And at the best it would be a weak joint, 
the parts being easily moved from side, to side, as the 
touching surfaces of the two parts bearing upon one 
another would be of the smallest—namely, points or 
parts of a circle, as at ¢ and 7. To make them lie 
more “sweetly” together, to use a term frequently 
employed in mechanical construction, a broader surface 
would be requisite, so that there would be but little 
rolling or rocking motion one upon another: and it 
would take no great exercise of mechanical ingenuity 
to discover that flattening the ends of each, as at d, 





Fig. 12 
surfaces would be placed together, and to prevent the 
tie from slipping off, a notch or two, in which part of 
it would lie, might follow. 

But this system of tying or binding two pieces of 
short timber together to form a single and longer 
piece would, even if the two were so securely 
bound together as to form a strong joint, be the 
clumsiest possible arrangement. The sense of the 
fitness of things comes into play much more early 
in man’s civilization than some are disposed to 
admit; and this would show how awkward were the 
breaks in this form of joint, as at ¢ fin fig. 12, even 
where the piece was to be used alone. Where timber 
lengths 80 joined were to be placed in juxtaposition, 
or resting upon one another, the awkwardness of the 
joint Would be still more noticeable. We have shown 
how this joint, awkward as at the best it is, would be 
greatly improved by giving flat bearing surfaces, as at 
din fig. 12, to the two parta placed in contact. . 
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THE OALICO PRINTER : 


THE CHEMIATRY AND TECHNICAL OFERATIONS OF HIS 
TRADE, 


CHAPTER I. 
Introductory, 

Tne art of printing coloured designs upon cotton 
is in principle one of ancient origin, but only com- 
paratively recently has it reached so high a degree 
of perfection that it may justly be classed along with 
the “fine arts.” Perhaps no branch of industry 
has a more intimate connection with complicated 
scientiti: principles, the laws of mechanism, and 
the work of tho artist, than that in which we are 
about to engage ourselves; and these are com- 
bined in so high a degree of perfection in this one 
industry as to form an art almost unique in its 
charactcr, In no branch of industrial art are the 
ingenuity and resources of the operator put to a more 
govere test, whether as regards practical details or 
the even more puzzling chemical problems. And our 
readers necd hardly be reminded that a subject so 
extensive both in its practice and theory can only bo 
treated in such & manner as to present its goneral 
features, rather than the numerous details only to bo 
acquired by experience in the print-works, such as 
the writer of this paper has had, Yet if the reader 
will carefully follow us, we hope to show him, as 
indeed our title indicates, what tho principles of these 
wonderful processes are, and of the sciences upon 
which they are based, 


Calico Printing in Relation to Chemistry. 

The process of dyving, or the permanent application 
of colouring-matters to fabrics, is of a chemical nature, 
Dyeing may be defined as the imparting permanent 
colour to a textile fabric through the entire fabric, so 
that both its surfaces may be uniformly of the same 
colour or shade of colour; but Printing is the art of 
dyeing in any desired pattern or design, although colour 
is often also “printed” uniformly on one side of the 
cloth. The art of calico printing consists, then, in 
dyeing certain parte only of a fabric in one colour, or 
in a combination of colours, so as to produce a design. 
Hence what we say concerning the theory of dyeing 
applies equally to that of printing. It must also be 
borne in mind that the precise chemical reactions that 
take place vary more or less with the colour. We 
now come to the consideration of the first principles 
of the calico-printing process. 

General Principles regulsting the Deposition and Fization 
of Colour on the Burface of Calico or Ootton Cloth. 

It will be easy to decide what are the chief 
qualities required of a colour which is applied to a 
cotton fabric in order to ornament it. In practical 
life, if the fabric so ornamented is to be exposed to 
the usual influences around us—~such as friction, the 





air, light, water, ete.—the colour must be able to 
resist more or ‘ess perfectly the action of such agenta, 
in order to cctistitute a “ dyed” fabric. 

This ornamentation of cotton in permanent colour 
is accomplished ina variety of ways, In some few 
instances colouring-matter dissolved in water will 
“dye,” without any other means being resorted to 
than dipping the fabric in the solution: the colouring 
principle seems to unite chemically with the fibre, and 
80 become faxtened to it, or fixed ag it ix termed. 
Such is the cnse with aniline-red upon woul, silk, ete. 
In other cases tho colour, or ingredients necessary 
to form it, aro applied to the cloth either in a 
soluble or insoluble stato, and afterwards rendered 
insoluble or otherwise fixed. In the case of some 
colours the fixing is executed in a simple and effectual 
manner; in others it requires many separate pro- 
cesses. Somo colours fulfil to perfection the qualities 
required of them to be durable in practical life—such 
as complete insolubility in water and sonp suda, and 
resistance to the action of light and air: such colours . 
ure said to be Zast, Ditlerent colours fulfil in different 
degrees these desirablo qualities: somo colours are 
“fastor” than others, according to the colouring- 
matter, mode of fixing, ete.; and the resources of 
the culico printer aro constantly taxod to produce his 
colours as fast as the occasion or purpoxs domanda, 
Many colouring-matters are of little or no service in 
dyeing and printing, simply because they form “ loose,” 
though beautiful, colours, | 


Colours used by the Calico Printer. 

The colours imparted to toxtile fubries by the 
calico printer's art consist of chemical compounds 
which are frequently of too complex a nature to per- 
mit of their exact composition being well understood. 
With few exceptions, as above mentioned, the fibre 
simply holds the minute particles of colour and dis- 
plays them to advantage ; being no component part of 
the colour. The cause of the colour of these chemical 
compounds, and of all bodies, lies in the composition 
of light itself. Light as received from the sun has 
inherent in itself the potency to produce all colours, 
Light is composed of three primary colours—red, yellow 
and blue—which by combination among themselves 
form violet, indigo, blue, green, yellow, orange, red, 
which again by an endless series of combinations in 
different proportions form every other colour. A body 
that appears b/ue is one that has the power to absorb 
and 60 destroy all the colours of which light is composed 
except blue; and so also other bodies are red because 
they absorb all the colours of the rainbow except red; 
and similarly with every other colour and shade, 


The Two Classes of Colour used in Calico Printing 


Most colouring-matters, as applied to the ornamenta- 
tion of cotton fabrics, fal] under one of two clusses. 
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In the first class are included ready-formed colours 
which are insoluble in water when applied to the 
cloth, and are afterwards made to adhere firmly to it, 
or in other words are “fixed,” without altering the 
nature of the colour as first applied. To this class 
belong ultramarine, vermilion, and lampblack. In 
the second class the colour, or part or all of the 
ingredients necessary to form it, are applied to the 
ootton in a soluble state, either mixed together or 
applied separately and afterwards made to form the 
desired insoluble colour,—or it is fixed. In this case 
that part of the colour which effects the tization of 
the colouring-matter is frequently a metallic salt or 
tannin, and is called the mordant, although, strictly 
speaking, it is generally simply a component part of 
the colour. However, although this is a convenient 
division for a large number, it does not include all 
colours, since the theory, as well as the practice, varies 
with the colouring-matter. Moreover, the same dye 
or colouring-matter may form differently coloured 
insoluble compounds, according to the mordant, the 
treatment, the fabric, and other conditions. 


General Principles of Dyeing, or the Imparting of Colour to 
the Fibres or the Surface of Calico, 

The question “ what is the theory of dyeing?” is not 
easily answered; nor indeed do scientific authoritios 
on the subject agree as to what really takes place in 
every cuse of dyeing. To fully explain the action, as 
in the present state of our knowledge we understand 
it, would involve questions of physics; but for practical 
purposes it will be sufficient to indicate roughly the 
general principles. The colouring-matters which wo 
apply to cottons in dyeing or printing may be deposited 
in the cloth by the following methods. 

(1) Colours fixed mechanically: Pigment Colours. 

The colour is applied to the cloth in the form of 
very fine powder, mixed with » glutinous substance 
capable of becoming by subsequent treatment solid and 
generally insoluble, and so holding or adhering to 
the cloth, as well as firmly retaining or “ fixing” the 
colour, Examples: Ultramarine, lampback, chrome 
green—fixed by albumen, which is soluble in cold 
water, but becomes insoluble and solid by the action 
of steam, etc. 

(2) Colours formed by the combination of colouring- 
nutter with the fibre. 

a, When wool is dipped in a solution of the 
colouring-matter, a chemical combination of fibre 
and colouring-matter takes place, This is, however, 
not applicable to cotton fabrics. 

6. The dissolved colouring-matter is mixed with 
an agglutinative material or thickener, and printed, 
and the union of colouring-matter and fibre is effected 
by exposure to steam. 
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-matter formed in the Fibre 
aac of spent Contining with it. 

a..The colour held in solution by a very feeble 
solvent, some kind of attractive force exercised by 
the fibres withdraws the colouring-matter from the 
solvent and precipitates it upon the cloth. Examples: 
Indigo, annato, The action may be considered to be 
analogous to the precipitation of salts from a “ super- 
saturated” solution by simply throwing in material 
such as dust, or a fibre of cotton. 

8. The colouring-matter is dissolved, but having no 
affinity for the fibre alone, combines with a mordant— 
aa iron—which has been previously deposited in the 
fibre in an insoluble state; the compound which 
is then formed being firmly fixed in the fibre. It 
may be of an entirely different colour or shade to 
that of the colouring-matter as first applied, or it 
may be unaltered in colour. Examples: Alizarine 
(yellowish colour) and alumina give a red; alizarine 
and alumina and iron give chocolate, ete. Logwood 
(red-coloured) und iron give black. 

o, The colour is formed by oxidation of colouring- 
matter, or matter capable of being converted into a 
colour, after deposition in the fibre. The colouring- 
matter is applied to the cloth in the state of solution, 
and is then submitted to a process of oxidation, which 
forms the desired colour and simultaneously fixes it. 
This oxidation may be effected in various ways—by 
exposure to air, exposure to some oxidizing substance 
such as a bichromate, or by adding to the colouring- 
mixture printed on, some oxidizing substance which 
on exposure to hent gives off oxygen. 

d, The colour is the result of a chemical action taking 
place between two substances one of which is applied 
to the cloth, and the cloth is then passed through a 
solution of the second substance—whereby the desired 
colour is formed, Example: lron buif or oxide of 
iron. 

e. The materiale necessary to form the colour are 


all applied to the cloth in a state of solution, then are 


made to unite together by subsequent treatment—as 
exposure to air, steam, etc, 

The above classification is that adopted by Mr, 
Orookes, F.R.8., and other well-known writers on the 
subject. Although.it includes most colours, and those 
most commonly used, there are many more which 
do not come under any of these heads, and are fixed 
by special means. 

The Principle of Printing Colours upon Calico, as dis- 

tinguished from Imparting Colour by Dyeing. 

In every case of printing, there must be a design 
engraved upon wood or metal to print either part or all 
of the constituents of the colour. In many cases this 
is all that is necessary; while in many instances other 
processes come after or before the actual printing— 
such as dyeing, etc. The operation of laying down 
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the design upon the fabric is accomplished in the 
following manner :— 

One of the following is “printed” on the cloth, 
at some stage of the work—that is, applied to certain 
parts of the cloth so as to produce a design, Either 
(1) the entire colour, whether dissolved in a medium 
or not, or (2) one of the constituents of the “ colour,” 
or (8) some substance that will act upon (such as 
destroying) the colouring-matter when afterwards 
applied uniformly over the cloth, or (4) some other 
medium which will in some way or other cause 
the colour when applied to go to certain parts only 
of the cloth—indicated by the design. This effects 
the deposition of colour in certain parts so as to form 
a design, This “printing” of some substance on the 
cloth may be done in two ways,—by block or hand 
printing, and by machine or cylinder printing. The 
first method is that which was universally employed 
‘before the invention of machine printing. The 
design is cut out in relief upon blocks of wood, the 
raised parts, z.¢. the design, being coated with a colour, 
or different parts of the raised design coated with 
different colours. The block is then placed upon the 
cotton by manual labour, or mechanically, thus leaving 
a coating of colour on the cloth corresponding to thy 
design on the raised parts or embossed surface of the 
block. In order to render the colour thick enough to 
adhere in sufficient quantity to the block and to the 
cloth, as also to keep it from spreading, it is thickened 
with such substances as gum, albumen, ete. The 
colour is allowed to dry, and if necessary is after- 
wards developed by subsequent processes, The colour 
being then fixed, the thickening may or may not be 
washed out, according to the nature of the colour, 
This kind of printing by hand is fast going out of 
use (for very obvious reasons), except for a few colours 
that cannot £0 well be printed in any other way. In 
machine printing the colour must alao be thickened ; 
many substances being employed for the purpose— 
chiefly starches, flour, gums, and albumen. It is 
applied to the cloth by means of a copper roller 
engraved with the design in lines cut out of the 
metal, which revolves in a box containing the colour, 
the excess of colour and the colour from the smooth 
parts of the roller being removed by a plate of steel 
adjusted against the roller, and so “scraping” the 
smooth parts and leaving the colour lodged in the 
little ridges of the engraved surface; the roller, pass- 
ing over the surface of the cloth, parts with the 
colour which is lodged in the engraved part—the 
smooth parts being quite free from colour, All this 
is done by a machine which in its perfect form 
rivals the most ingenious and accurate pieces of 
mechanism of modern industry. One colour or so 
Many as twenty colours may be simultaneously applied 
by one machine, the construction of which will be 
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described further on. The development and fixing 
of the colour is subsequently effected in different 
ways; the printed goods are subjected to the action 
of steam, the air, various liquids, or some other agent, 
which develop the colour. The colour being fully 
developed and fixed, any subsidiary substances, thick- 
ening, etc., used in printing are removed, and finally 
the goods are “ finished,”-——starching or weighting or 
giving a smooth to the surface as the cause may be. 
Although we have, in order to give a general concep- 
tion of printing, reviewed the processin a few sentences, 
the various details of the machinery and its manage- 
ment are of the most complicated nature, and only 
by long practice—or “ apprenticeship "—doos a man 
become proficient in his art, 

As the reader will have learned from the above, 
there are many “styles” of printing, or different 
methods and processes for making different combina- 
tions of colours. To this subject we have spocially 
devoted a division of this paper. 

Before proceeding to describe in dotuil the various 
operations which the calico has to undergo before its 
aurface can be ornamented with a coloured design, 
it may bo well first to mention the successive pro- 
cessed: (1) such preparation of tho grey calico as 
shall render it fit for printing upon—-principally by 
“singeing,' or burning off loose hairs, etc, and by 
bleaching ; (2) the preparation of the colour or com- 
position used in printing; (3) printing the colour, 
and in some cases subsequent dyeing; (4) developing 
and fixing the colour, and in most cases subsequent 
improving of the colour by washing with soap, etc. ; 
(5) finishing. 


First Process of Oalico Preparation for Printing-—Singeing, 
or Firing, 

The grey calico fabric, us it comes from the hands 
of the weaver, if placed on a level with the eye, 
exhibits numerous loose cotton hairs, or flocks, pro- 
jecting above the surface, These, if not removed, 
would in most cases prove injurious in printing by 
blurring the outline of the design and interfering 
with the deposition of the colour. The first process 
in the operations of calico printing, thorofore, is the 
removal of these cotton ends, This is effected by one 
of three methods: singeing or firing, shearing, and 
@ combination of both of these methods. Shearing 
alone is not often employed ; singeing is the method 
most commonly adopted. 

This may either be done by means of red-hot plates, 
or by a flame, or by a combination of both, The latter 
method is that now generally adopted. The calico 
passes through the upper part of a series of long 
gas-jet flames, and then over and in contact with red- 
hot plates, with such velocity that the loose cotton ends 
are burnt, while the fibre of the calico is not injured. 
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In one form of machine the coal-gas for burning is 
made by the machine itself, from a cylindrical retort 
filled with coke and coal heated by the same furnace 
that heats the plates; the coal-gas generated is burnt 
almost as soon as it is formed. 

Fig. 1 is a dingram partly in section of the singeing 
machine: a @ @ is the furnace, built of brick and 
lined with good fire-brick ; ¢ e is strong brickwork 
supporting part of the top of the furnace; ff, are 
the curved iron plates which are made red-hot by 
the furnace beneath, and / is the series of gas-jots 
from a pipe 7, which conducts the coal-gas cither from 
an external source or from a retort immediately below 
i, heated by the furnace a a a, The hoap of calico, 
uv, is drawn up and across the guide v, then between 
the square wooden rods, w, w, so as to make the 
cloth smooth. It enters the machine through an 
opening at the side, between a’ and 7, passing through 
or in contact with the flames A, then it passes over 
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of foreign matters, which would seriously interfere 
with the effect required to be produced in colours upon 
the cotton, The cotton is naturally of a dirty yellowish 
colour, and contains mineral matters and other im- 
purities, besides what is contracted during spinning, 
etc., such as grease, dust, and other adhering mecha- 
nical impurities ; and it is to be converted into a beauti- 
fully pure white calico, perfectly clean and free from 
all dirt and grease, before it is fit to be printed upon. 
This is effected by the process of bleaching, the first 
operation in which is “ steeping,” or letting the riband 
of pieces lie for some length of time in water, so 
as to thoroughly saturate them, as the cotton has a 
tendency to throw off water and keep dry, owing to 
the greasy and other matters which it contains, The 
cotton to be bleached, as it comes from the singoing 
operation, in the form of a long riband, sometimes 
measuring in its full length some thirty or forty miles, 
and composed of pieces sewn together, passes first 
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and in contact with the two curved plates f, f, and 
passes out over the roller revolving in a bux con- 
taining water. It then pases over the roller & into 
this box under the roller 7, then out of the water, 
and passes between the rollers m », where the cloth 
roceives the motive power to draw it through the 
machine. The top roller, m, is larger than the 
bottom one; the lower one being turned by a small 
engine, the top one being pressed down upon the 
under roller by a weighted lever at o, thus giving 
the cloth the necessary “nip” to draw it through the 
machine. The calico then passes upwards and through 
the porcelain ring, n, so as to bring it into the rope 
form, in which form it passes over the wince és, and 
falls into the barrow ¢, in which it is wheeled to the 
liming machine, 


Second Process of Calico Preparation— Bleaching. 


The grey calico having now been deprived of the 
woxe cotton-ends, baa yet to be freed from a variety 


through a ring, generally of porcelain, so as to bring 
it into a ropo form, and passes into the steeping 
kier, hereafter described. This kicr is filled up as 
evenly as possible, the rope being lnid down regularly 
by a boy inside the kier, till nearly filled, when 
water is run in and the culico is Jeft there for soveral 
hours, In many bleach-works steeping is omitted, the 
calico being wetted as it comes from singeing, as 
already mentioned, 
Washing, 

The goods are now thoroughly washed in a 
washing machine, to remove whatever in the cloth is 
soluble in water. There are many forms of washing 
machine, one of which is represented in fig. 2. In 
this wavhing machine the uprights a, a, support two 
wooden rollers, 6 6 and ¢ ¢, the former revolving 
on the shaft ¢¢, by the pressure against it of roller 
JJ, which is driven by a wheel d, connected with 
gearing. The calico enters the machine at a, passiug: 
through a ring a, and so being brought into the 
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rope form, it passes: between the two rollers 6dand rally of cast iron for smaller sizes and for low- 
ec; the roller 66 is a little further back than oc, pressure kiers, and of wrought-iron riveted plates 


wo that, looking at the figure, the cloth passes at the Wittiltirtiilldliill[ts 
back of } 6, then between the two and down the front | wntgoyeensesnscgpeagoeresecttenvase(tonqeetsse' | 

of ec, The riband thus falls into a box, & &, plenti- jiiciasnegjqatehepecsfovaaetssteagtaptisasenetsinn Mg 
fully supplied with # good force of water. It falls 7 Ms : 
to the bottom of the box, lies there a few seconds, Nw w 


and then ascends as at 7, passes between the rollers, 
again descends as at ¢ in the same manner, and 
so on repeatedly till it arrives at the opposite end 
of the machine and passes out at 4. The various 
ascending ribands are prevented from becoming 
entangled by passing between parallel wooden rods, 
either as they leave the water box or immediately 
before passing between the rollers, as shown by 
vertical lines in the figure. The water enters tho 
box at & and at m, whero the washed calico lcnves 
tho machine, thus finally washing the cloth, whilo 
the overflow of dirty water takes place where the 
unwashed cloth enters the water at n, 





Fig. 8. 


for larger kiers and for high-pressure kiers; 6) is 
® false bottom, or grid, a’ a’ being the real bottom ; 
¢ ix a vertical pipe with an umbrella-shaped cover at 
the top, a short distance above the end of the pipe 
¢, strongly secured to it by moans of iron rods, The 
steam enters under the false bottom by the pipe d d; 
there is a steam-tap at e, and tho steam-pipo dd is 
perforated. The run-off for the dirty water is shown 
at ef. 


The ribands or ropes of cotton pass into the kier 
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TITTIES WANS by means of tho wince g g, the action of which will 
Fig. 2. be evident on reference to the figure, The wince is 
Liming, or Preliminary Treatment with Milk of Lime. supported from the roof. When the kier has been 


completely filled up and well packed, it is filled with 
milk of lime, the lid is put on and screwed down, 
und the steam tap at ¢ opened, the tap / being, of 


The “ goods” — the calico being so technically 
termed—are run into a mixture of slaked lime 
and water, und kept rapidly running in it for 
some time. The mixture of lime and water, or milk 
of limo, is placed in the box of the washing machine, 
fig. 2, provided with several pairs of rollers for 
Bqueczing the cloth, in addition to tho rollers shown 
in the figure; the cloth rung in this machine until 
thoroughly saturated with the milk of limo, and then 
passes at once into the liming kier, The exact quan- 
tity of lime used in liming is not of great importance, 
provided there is not a deficiency. About 10 to 15 Ib. 
of line to 200 Ib, of cloth may be used. 


Boiling with Lime, 

The calico is next led into a large kier, the sama 
as that used for steeping, and packed, as hefore, 
very closely and regularly. Fig. 3 is a section of course, closed. Fig. 4 represents the kicr when 
a boiling kier: @ aa’ a’ is an iron boiler, gene- working. The steam from the pipe @ d causes a 





Fig. 4, 
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violent current of hot liquor to ascend the pipe ¢ ¢, 
and is projected with great force against the umbrella 
cap ¢ oc’, which by its curved form dashes it through 
the pieces of cloth marked “ cotton,” and then through 
the grating or false bottom near d d, as shown by 
the dotted line, and is immediately again driven up 
the centre pipe. Thus a strong circulation of the 
liquid is kept up, and the pieces are thoroughly 
boiled. The length of time the pieces are boiled 
depends upon the nature of the cloth, and varies from 
eight to twenty hours or more. When the boiling 
is finished, the steam is turned off, the liquid run 
out at ff, and the kier filled up with fresh water, 
The cloth is now run through a washing machine, and 
receives a thorough washing, to remove lime and all 
matters rondered soluble or loosened by its action. 


‘Souring” after Lime, 

Thia operation follows the washing, and consists 
in running the cloth through water rendered sour or 
acidulated with muriatic acid (hydrochloric acid or 
spirits of salt), or by vitriol (sulphuric acid). The 
calico passes through « machine similar to that used in 
liming, passing in and out of the “sours” five or six 
times, and is then squeezed and piled up in heaps 
in the bleach-works, and left to stand for three or 
four hours, After this the clth is again thoroughly 
washed in a washing machine, to free it from all acid 
wend matters dissolved by its action. 


Boiling with Soda Ash and Rosin Soap, or ‘ Bowking.” 

This is the next step towards the production of the 
pure white calico. The cloth is aguin tranferred to 
the boiling kior, and closely packed, A solution of 
soda oxh and rosin, or rosin soup, is prepared by 
muking a solution of soda ash in an iron kier or tub 
provided with a steam pipe, and adding gradually about 
half as much rosin as there is of soda ash. Several 
hours’ boiling effects the solution of the ingredients, 

When rosin soap is employed, the quantity of soda 
ash introduced into the kier is reduced by an amount 
equal to that contained in the soap taken, The 
liquid, as above prepared, ia now run into tho kier 
containing the culico, and when filled up the lid is 
screwed down and it is boiled in the usual manner 
for several hours—-the exact time again depending 
upon the nature of the cloth, as well as the pressure 
of steam used in boiling. In some kiers low-pressure 
steam is used, but more recently high-pressure steam 
has been adopted. The latter is said to do the work 
much more quickly, but, not quite 20 efficiently, ~ 

It is well to mention here that if tho soda ash 
employed contains no caustic alkali-which, however, 
most qualities in the market do—it is necessary either 
to caustinizo a portion by the addition of some /sme, 
or to ald an equivalent quantity of caustic soda. 
When the cloth has been sufficiently “ashed,” as it 
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is termed, as above, the riband of pieces is passed 
through a washing machine and thoroughly washed ; 
it is then subjected to 

Treatment with Bleaching Powder, or ‘‘ Chemicking.” 

At this stageof the bleaching process thecotton is free 
from its chief greasy and mineral impurities; but yet 
it exhibite a dirty or yellowish tinge, which must now 
be destroyed. This is effected by the action of free 
chlorine generated from bleaching powder and an 
acid—these two agents being applied to the cloth in 
two separate operations. 

A clear solution of bleaching powder or chloride of 
lime is made by dissolving the powder in warm water 
and allowing the insoluble mattera to settle down. 
The clear liquor is generally made of specific gravity 
1:09 or 18° Tw., and added to the chemicking kier in 
the required quantity, which varies according to the 
quality of cloth to be treated; but generally chemic 
at 18° Tw. is reduced with water eighteen times for use 
in the kier, The calico is allowed to steep in the dilute 
chemic until thoroughly saturated ; it is then run out 
to be “soured.” The fabric is by this treatment little 
affected, the chlorine contuined in the chloride of lime 
being not yet free—this being accomplished by the 
next process of ‘ souring.” ) 

“fouring” after Chemie, 

The goods saturated with dilute solution of bleaching 
liguor are passed either through dilute hydrochloric 
or through sulphuric ucid, whereby chlorine is set free 
in the fibres of the calico, and all colouring-matters 
are destroyed or bleached by its action. The pieces 
are then finally washed in fresh water, and after 
amoothing out the riband of cloth, are dried over 
steuam-heated cylinders, similar to those shown in 
fig. 5. 

- must not be forgotten that in bleaching, no less 
than in many other operations of calico printing, the 
process varies in details in different works. We have 
given the genera] method, and that which clearly 
exhibits the principles of bleaching. 

In the case of some kinds of cloth, and for certain 
claases of work, the operation of singoing is partially 
or wholly substituted by a mechanical process of 
removing the hair ends, ete., by running the cloth, 
drawn very tight, over a sharp knife-blade, This 
method is culled “ shearing.” 

In most cases the bleached calico is next submitted 
to a process of brushing, by means of a roller covered 
with a brushing of stiff hairs. The calico is rapidly 
run with pressure upon the roller, which revolves 
with great speed in the opposite direction, The 
object of this operation is to brush off loose hairs or 
cotton ends, and is performed immediately before the 
cloth is taken to the printing machine, being rolled 
on an axle as it leaves the shearing machine. 
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THE STONE MASON AS A TECHNICAL WORKER. 
THE PRINCIPLES AND PRACTICE OF, AND THE 
MAT@RIALA HE EMPLOYS IN, HIS WORK, 
OHAPTER I. 

Introductory. 

Or tho carly history of the art of Masonry nothing 
positive is known. There is but little to be met with 
on which what might be called reasonable conjecture 
can be based as to what constituted the earlier works 
of the mason, When we come to the period in the 
history of man’s civilization in which regular structures 
of stone begin to appear, we find the details very much 
mixed up with the progress of the sister, or, as we 
should perhaps call it, the mother, art of Architecture. 

In tracing the details of the work of the mason as 
a handicraftsman, we may succeed in tracing the 
steps by which what may be called the rough and 
ready-to-hand methods were, by careful observation 
of the offects of different methods at command, 
gradually brought to that position in which perfec- 
tion has been attained in the art of working stones 
and its practice has become based on fixed and 
accepted principles, Those principles have thus raised 
it to the dignity of a scionce; so that from the art 
or handicraft skill in working stones and placing them 
in position in the structures in which they are used, 
we shall arrive at that point at which we have a 
science of masonry, properly so called, 


Leading Divisions of the Subject. 

It is our purpore to give to our readers a series 
of diagrams, drawings, and descriptions illustrative 
of masonry considered as both an art and a science, 
This naturally divides our subject into two parts, 
The first of them will take up the various kinds or 
classes of walls in the formation of which as a rule, 
with few exceptions, the work known as the mason’s 
is employed; the kind of stones, or more properly 
the physical form, shape, or configuration in which 
the stones are used, and the methods by which 
these stones ure built up into the wide variety of 
structures known as buildings in stone, or masonry. 
The second part concerns itself chiefly with what may 
be called the science of masonry, in which theory gives 
its aid to practice in affording rules and methods by 
which the various forms of stones required in the more 
complicated stone structures, such as arches, nichos, 
vaults, etc., can be obtained with rigid accuracy, The 
forms or configurations of the stones composing these 
are more or less complicated or varied, but all require 
to be shaped and cut according to the positions they 
are to occupy in the structures for which they are 
designed. And this shape or form igs dependent 
upon the employment of certain methods of what is 
called “ projection,” by which graphic representations 
are obtained to scale of the form reqnired, In these 


methods the science of geometry plays an important 
part, and the labours of the draughtsman are neces- 
sitated for this department of the work of masonry, 
(See the series of papers entitled “The Building and 
Machine Draughteman,” the latersectionsof the present 
paper, and “The Geometrical Draughtaman,”) Pro- 
ceeding under this briefly expreased plan of arrange- 
ment of subjects, we take up firat what may be called 
the handicraft part of masonry, inasmuch as its work 
chiefly depends upon the skill of those who have been 
brought or bred up to the mechanical working of stone. 


Definition of thé Term Masonry—The Distinction between 

it and Bricklaying. 

Masonry has beon defined—to follow the principle 
laid down by an eminent authority—as a bulk or 
mass of stone, either cut to regular shapes or forms, 
or taken as they are brought from the quarry or dug 
up from, or found on the surface of, the soil, of 
irregular shapes and sizes; those being either bonded, 
held together or connected by mortar or cement, or 
simply by resting on each other, or intorlocking, so 
to say, more or less completely with each other, no 
mortar or cement being employed. 

According to this authority, brick is a material 
which comes properly within the domain of masonry. 
In this country, howevor, the trade or business of 
bricklaying is distinct from that of the stone mason, 
each being, as a rule, carried on quite indepondently 
of the other. But the method of placing or super- 
impOsing bricks upon one another to form a wall or 
structure demanding a peculiar method of working, 
known tecltnically as “bonding” (which term, so fur 
as Masonry is concerned, will be presontly explained), 
and the employment of different, though less compli- 
cated appliances and apparatus—takes, as we think, 
the art of bricklaying within a category at loast somo- 
what differont from that of mayonry, So that we 
deem it advisable to divide the two, giving a special 
paper or papers devoted to the bricklayor’s work, just 
as we devote the series of chapters of which the 
present is one to the art and science of masonry, 
(See “The Bricklayer or Bricksetter.”) 


Other Materials used in Wall Construction. 

There are, however, methods of constructing walls 
(see the “ Cyclopmilic Dictionary of Technical and Trade 
Terma,” section Building Construction) which may be 
considered the typical forms of artificial structure, 
other than with stone or with brick. The material. 
employed in theao other systems are first soil or clay 
worked up under the system of “misé"; second, 
“concrete,” which may be called a species of artificin! 
stone. OF those two materials and methods, pisé— 
using soil or clay—is still occasionally employed, and 
is useful in colonies and remote districts where skilled 
labour to work up stones or make bricks and to build, 
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them is either very dear or cannot be had. Of the 
second, or concrete system, it may be said that from its 
use presenting so many advantages, it is being largely 
and stil] more successfully employed. There should be 
no reason why the carrying out of these two methods 
should be made to lie within the provinco of the mason 
any more than that they should be taken up by the 
bricklayer. In point of fact, both trades are quite 
competent to carry out both methods, and often in 
point of fact do so; although concrete building has 
lately received such an impetus that it has almost 
become a special trade or calling. But as both systems 
must receive some notice at our hands, we shall give 
what space can be spared to their doseription within 
the range of the present series of papers, this forming 
an intogral part of it, 

The Typical Form of Masonry the Wall—Its General 

Features. 

All stone structures—and tho same holds equally 
true of brick—or as they are popularly designated, 
“buildings,” are spaces of ground enclosed by walls of 
greater or less length, height, and thickness—those 
three dimensions, which go to make up the solid wall, 
varying according to circumstancos, There are a few 
exceptions to this rule, such as in the vast masses of 
great breadth and length employed in the construc- 
tion of harbour, and in some classes of railway work, 
in the formation of floors of tanks, and tho like; 
but these are nearly all but apparent exceptions, and 
might be safely classed ns walls only of unusunl 
dimensions or bulk or built upon unusual positions or 
sites. For the same method of construction is adopted ; 
and even in the last-named oxception, a floor may be 
in one senso sid to be a wall, only posed or placed 
horizontally. All walls do not, however, enclose spnces, 
They often skirt or bound the side or end only of a 
space of ground, and are termed bounding or boundary 
walls; while others are built up againat the face 
of a bank of earth, and are culled retaining walls, 
The various forms they assume will be explained 
hereafter, Meanwhilo we proceed to describe tho 
methods by which they are built up, and the various 
forms which the materinls employed assume. In one 
sense walls might be considered at first aa divisible 
into two parts—first, the conditions or forms in which 
the stones forming them are met with in practice; 
and second, the way in which they are super- 
imposed one upon another, held and tied together. 
This method will, in point of fact, be here and thero 
adopted; but it so happens that the two are so inter- 
mixed with each other that it is difficult to separate 
the consideration of the stones themselves, and that 
of the way in which they are built up to form a wall, 
This, however, is observable in the early stages of the 
question, or in the simple forms of walls. We shall 
reach a point shortly in which we get the dual position 


of the two more distinctly marked, when we shall 
take up each separately, 


The Simplest Forms of Walls. 

Following the features of what may be called the 
natural systom of building, by which the art of 
masonry arose, we take the simplest of all the methods 
of forming walls. In the earliest times the first walle, 
or attempts at erections like walls, would probably be 
made by taking such stones as could be found most 
ready to hand. Those would be found lying in the 
field, cropping up on its surface; or would be dug 
more or less easily from its soil; or they might be 
found in larger or smaller heaps and collections in 
the beds or channels of torrents and rivers. Such 
atones are generally more or loss rounded, as at a, 
b, o, and d, in fig. 1, and this from the action of 





ig. 1, 


flowing or running water, This is tne cuse even in 
the stones found on field surfaces or dug up from their 
soils, For it is to be remombered that those soils are 
for the most part deposits, laid by the action of water, 
or subsiding from them. Frequently also, when the 
rocks to which they belong are different from the soil 
in which they are found, having been brought from 
a distance by icebergs or glaciers, they have, when the 
ice has melted, been doposited im situ. To form walls 
of those stones with rounded surfaces would to the 
early builder be a matter of some difficulty, from 
their tendency to roll upon one another, This 
ditticulty, which in course of 
time would with us be desig- ¢ 
nated tochnically as their 3 
giving bad “bedding” stones 
—that is, stones which would §& 
not lie readily at rest when 
placed upon cach other or in Fig. 2. 
a heap—would be easiest got over by mixing up the 
stones with clay or soil somewhat in the fashion shown 
in fig. 2. 

This method closely resembles what is known as 
“ Kentish ragstone work,” only that the stones used 
are not rounded, at least not large, ag in fig, 2; 
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but are selected more on account of their comparative 
thinness and flatness; the former about the thickness 
of a brick, and somewhat of the shape as at /, or 
possibly at g, in fig. 1. When walls are constructed 
of the kind of stones such as a, 8, c, d, in fig. 1, 
and connected together not with clay, but with strong 
sound mortar, poured in thinnish condition between 
them, a good strong, Insting, and economically con- 
structed wall can be obtained. In many districts 
excellent specimens of this method of building exist, 
which may be classed as the simplest, as it was 
probably the earliest adopted. 


Bubble Stones and Rubble Walls—Random Rubble, 

When stones are not obtained of the kind or class 
described in two last paragraphs, but are got in what 
may be calledthe natural condition in which they are 
quarried, the walls formed of them are called “rubble.” 
Rubble stones are of various forms and sizes: from 
the “splinters,” such as at fin fig. 1, obtained from 
the dressing and squaring of the large blocks used in 
the higher class of work known as “ashlar,” presently 
to be described, up to blocks of stone of more regular 
forms, as at a, 6, ¢, and g in fig. 1. Splinter, 
however, or as thoy are often termed “shivers,” are 
generally uscd for filling in the central parts of 
walls, on which practice we shall have yot more 
to give. Walls formed of “rubble” work are 
of two kinds, First, what is called “random 
rubble,” which is simply putting the stones in place 
to form the desired thickness, and in such a way as 
to keep them perfectly vertieul. These points are 
secured without any attempt to lay the stones in 
even or horizontul courses parallel to each other 
more or leas; the result being very similar to that 
shown in the upper sketch in fig. 3; supposing 
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the stones to be larger and not so round as those 
shown, somewhat like the arrangement shown in 
fig.4ataa. Rough as walla of this kind would be 
at first, when quarrying would be done in the roughest 
of ways and with the simplest of tools, in process of 
time, as the quarrymen succeeded in breaking up the 
rock into larger masses, those of the largest size would 
naturally be placed at the bottom of all, as at }5 in 


fig. 4, 80 as to form a kind of bearing surface on the 
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sure of the weight of wall above it, 
Broad Bearing Surfaces in Building Stones, 

For the value of a broad bearing surface of stone 
would be quickly learned. The same might bo done 
at the sides ut cc, in fig. 4, or as shown in larger 
scale at the lower skotch in fig, 3. The skotch in 
fig. 9, p. 24, may be tuken ns illustrative of un early 
atyle of building a wall, in cases where an abundance 
of small-sized stones could bo had, with only com- 
paratively few large-sized ones. ‘Those latter would 
be taken to enclose the small-sized ones—those too 
small to be placed upon each other or to bed upon 
one another. And if the whole were cemented 
together with good mortar, 9 very strong wall would 
be obtained. ‘This would be an advance upon the 
method shown in fig. 2, whore the mortar, clay, or 
binding muteriul was largely used. This mode of 
construction was, indeed, frequently adopted, and 
such examples of it as have come down to our own 
time show how very lasting aro structures built in 
this way. Tho knowlodgo of the value of bearing 
surfaces would soon Jead to the choice of such stones 
as turned up in the quarry operations possessing flat 
sides, if not flat ends, Those would, for superior 
work, be preferred, not only on this account, but also 
as looking better or at least more uniform when the 
will was completed. 

Rubble Walls—‘‘ Ooursed Rubble.” 

This would lead to the use of an advanced style 
of magonry work in wall construction. This is now 
known technically as “ coursed rubble,” and is con- 
structed with stones which receive » partinl dressing 
in or at the quarry, so as to give them facos more or 
less square, or with those selected with some care, of 
as uniform a size and shape as possible, Tho first 
elements of this coursed rubble work are shown in 
the central sketches in fig. 3; a partial combination 
of rough or random rubble being shown at the corner 
of the lower sketch of this central group in fig. 3. 

Fig. 5 illustrates coursed rubble work in a wall in 
which the stones are of pretty equal thickness (as at 
aa) and length, so that a degree of externul uniformity 
is obtained. This would not be always so, ax stones 
of this character could not be always obtained in the 
great numbers frequently required. In this case tho 
thinner stones, as at 6 in the lower sketch, would 
be used in the upper part of the wall, superimposed 
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upon the thicker and heavier, as oo, the best place 





Very thin stones would be best used at places in the 
wallin the manner indicated at dd. Fig. 6 illustrates 
part of a wall in cross section—in coursed rubble 





° Fig. 6. 
work in which the system of using stones of various 
sizes is adopted; the thin and smaller-sized stones being 
of course placed in the interior of the wall, but still 
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laid together in as uniform a manner as possible. 
Fig. 7 illustrates also in cross section, giving the 
thickness of the walls, the combination of thick and 





My, 8. 
thin, and also long and short stones; the inner thin 
stones, placed alto on the coursed rubble system, 
being disposed or put in place as evenly as possible. 
In fig. 8 another combination is shown, the outer which all the faces are at right angles to each other. 


foundation stones or lower courses being of uniform 
length and thickness; the outer face stones in the 
courses above being alternately long and short, as at 
6 and ¢ (shown also in fig. 7), while the inner and 
thin stones at a are made up in courses also. In 
fig. 9, small stones (as at o oc) on the random or 





rough rubble system are used to fill in the central 
part of the wall, being thrown in at random and 
held or cemented together by thin mortar, termed 
“ grouting,” poured in amongst them. In this sec- 
tion of wall, also, long and short stones are used 
after the first or foundation course. As to the effect 
of this combination we shall have presently more 
to say, when we describe the method of obtaining 
greater strength in walls by the system known as 
“bond” or “ bonding.” 
Ashlar Work. 

Meanwhile we proceed to describe the next method 
of preparing and disposing stones, which is known 
as “ashlar.” We have said that in coursed rubble 
work the stones are chosen as uniform in size 
and thickness as possible, just as they are quarried— 
that is, without being subjected to tool working. 
Although this is the rule, the stones for coursed 
rubble work are often partially dressed or tooled, so 
as to give faces as uniform as possible, as at @ a in 
fig. 10. When the front face is tooled or dressed, 





Hig. 10, 
so as to give a straight or even surface, and the top 
or bottom-—that is the bedding surfaces—are left 
rough as they come from the quarry, the work when 
finished gives to the outer or exposed surface of 


the wall a smooth face. Coursed rubble work of this 
kind is called technically “snecked,” and when the 
stones selected are pretty uniform in dimonsions, 
affords the nearest approach to “ashlar” work, in 
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THE ORNAMENTAL DRAUGHTSMAN : 


His Stupy aND THE DETAILS OF ITS PRAOTICH, CHIEFLY 
IN RELATION To TECHNICAL WORK IN MANUFAO- 
TURING DESIGN, 


CHAPTER I. 
Introductory, 
Iv is only of late years that the art of Ornamental 
Drawing has taken a place aa one of the departments 
of technical work; or rather, as it may perhaps be 
the more accurate way to put it, as an indispensable 
adjunct to certuin branches of the technical arta and 
manufactures, tending by its services to add that high 
value to their products which correct design is 80 well 
calculated to ensure. Nor need this be much matter 
of surprise, for it is in truth only of late years that 
what, for lack of a better term, is called technical 
work has occupied a well defined position, as one of 
the factors which go to make up the sum of those 
national industries which minister so markedly to the 
national wenlth, and the comfort and the luxury of our 
people, The term “ design” here usod may be, and is 
in its fullest sense, applicablo to all branches of indus- 
trial work, for where there is anything to be made, 
its making is obviously depondent upon design of 
some kind. And design in its strictest senso is, as 
its name indeed denotes, the product of mind as 
applied to the doing of any kind of work. To all 
the constructive arts design is absolutely ossential, as 
in the making of a machine, the building of house, 
or in the construction of its furniture. But the 
term “doxign” is in all those cases used here in its 
restricted——some may say ita widest—sense. But it 
is restricted in so far us it really is applied to the 
purposes of construction only. The machine might 
be designed and constructed to work well; the house 
built so that one might live “comfortably” in it; 
the chairs might be made to sit upon, after some 
fashion, easy or unexsy as the case might be; the 
tables to sit at and eat from, or do designing work 
upon; and the beds might suffice to give sound 
sleep. And yet of each and of all it might be said 
that in no sense were they good for the artistic taste 
to dwell, nor pleasant for the artistic eye to look 
upon. In brief, a construction might serve ita purpose 
and be in very truth well “ designed,” so far as that 
purpose was directly concerned; but might notwith- 
standing be as ugly as could well be. Or, to use the 
common expression, any one looking at the construc- 
tion would almost intuitively or instinctively say, that 
it had “no beauty”— that it was not “ beautiful,” 
The term construction here used is applicable to 
an enormously wide variety of objects and things—-to 
everything, indeed, “made” and fashioned by the 
patience, the skill, and the energy of man. Now, 
when we come to take up the canons or rules of art, 


we shall find that all—-even authorities presumed or 
assumed to be, or in reality such—are by no means 
agreed as to the definition of the term “ beauty,” or 
in other words, what constitutes the “ beautiful.” 


Design in its Technical Senge, 

We here use the term “art” in ita more restricted 
sense, as concerned only with objects directly pro- 
duced by one or other of the branches of trades, 
manufactures, or businesses now flourishing amongat 
us; and as only in tho remote sense connected with 
what may be called high or pure art—in which 
imagination or fancy gives birth to a conception which 
ia recorded in what we call a painting, picture, or 
drawing,—whether it be an inanimate subject, aa 1 
landscape, or representative of some phase of life. 
In this restricted sense the term “design,” roceiving 
or having given to it a definite phrase or a technics} 
term, may be, as it has been and often is, calludl 
Ornamented or Ornamental Construction. We shall 
see hereafter that thore may be other terms by which 
the branch of technical study to which this and 
succeeding chapters under our general title will be 
devoted may be defined. For present purposes the 
name here given as definitive of what ornamental 
drawing is, or the duties of the ornamental draughts. 
man are, will be sufficiently clear and explicit, as 
conveying even to the popular mind a fair conception 
of thom. 

Ornament—Ornamental Construction. 

For thero are but few who, if thoy could not 
explain what they understand by the torm “orna- 
ment,” certainly can do so quite well enough for 
their own satisfaction, And although, like the terme 
“beauty ” and “beautiful ” above alluded to, those of 
“ornament” and “ornamental” are not definite and 
precise, but rather relative and conventional, so that 
different definitions will be given by different minds, 
—astill there is with nearly all a point or points at 
which one object can be said to be ornamental, or at 
least to possess some claims to it, and another that 
it is not. Nearly overy one knows pretty clearly 
what is meant to be conveyed by the word ornament ; 
everywhere one hears the phrase, “that is no orna- 
ment”; and although no two would probably agree 
as to what true ornament is, they would have no 
disparity of opinion as to the truth or fallacy of the 
application of the term to any object. <A tub, for 
example, or a burrel, few would pronounce to be an 
ornamental article; but anothor vessel—to hold an 
equal quantity of water or becr—could be made of 
such a form that it would at once be pronounced 
ornamental. And this although two, agreeing thus 
far, might never agree as to any standard which each 
might set up by which he judged of tho relative 
purity of the ornamented or ornamental form of 
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the newly “designed” vessel, Ample illustrations of 
these remarks will be found in succeeding chapters 
of the present subject; but enough has been given 
by way of introduction to it. 


The Art of Ornamented or Ornamental Construction, or the 
Teohnioal Department of Art Manufactures, of hut 
Recent Introduction. 

The art, as a branch of technical study, had no 
practical existence but a few yeara—comparatively— 
ago. It is difficult, if indeed it be really possible, 
to point out, not half a dozen, but three or four 
branches of arts and manufactures, in which there 
was, wo do not say an honest attempt made, but a 
thoroughly practical and successful system in existence 
by which ornamontal design waa applied, two or 
three generations ago. The poriod at which the new 
and vasily improved state of things was begun dated 
from or about the opening of the Great Exhibition 
of 1851—n yenerution ayo, or a little more. Thon 
almost every branch of our arts and manufactures 
was simply waiting to obtain all the advantages 
which the ornamental draughtsman ond designer was 
able to impart to it. 


Gundry Considerations affecting the Work of the Ornamontal 
; Draughtsman, 

Before proceeding to give our remarks on the prin- 
ciples of ornamental drawing, and the details of its 
practice, we deom it right to place before the student 
sundry considerations respecting the Art of Drawing 
in its widest sense, This to the superficial reador, who 
merely glances at the few pages which aro to follow, 
may appear to be, on the contrary to this, but a 
very limited sense; being apparently applicable to tho 
general artist, or as he is sometimes called the painter 
of the ordinary claas of works of art termed pictures, 
whether those of landscape, historical, or figure 
subjects, or of both. 


Essential Importance of Masterlng the Elements of 
Ornamental Drawing, 

It is a very trite and commonplace thing to Bay 
that there can be no sound building without o sure 
foundation. Still the lesson which this conveys is 
not seldom lost sight of in everyday work. And 
while the truth of that other saying, that it is best in 
any work to begin at the beginning, is not disputed by 
any one, still we fear that its lesson is also sometimes 
overlooked by those who begin the study of Ornamental 
Drawing. Itis quite necossary that we should become 
thoroughly grounded in the first principles of this 
particular branch of the art, if we intend to develop 
our knowledge of it with any satisfaction to ourselves, 
or with any reasonable hope of ultimate success, The 
practice of “skimming ” over the elements upon which 
alone true progress is based, is, we hope, unknown 
tr the readers whom we are addressing, He who 


would attempt to study Euclid without first under- 
standing the definitions, postulates and axioms—he 
who would design a bridge without taking the foun- 
dations into account—-he who would become a chemist 
without an acquaintance with the bases of chemical 
combinations—is just the kind of man whom we should 
expect to hope to become an ornamental draughtsman 
with a contempt for the elements of design. Certainly 
not more senseless would such a man be, than the 
young ornamental draughtsman who refuses to do so 
much of downright beginning or elementary work as 
is necessary to enable him to draw lines and curves 
with equal facility and accuracy. We shall emphati- 
cally insist upon the general truth of this principle 
all the way through this paper—namely, that which 
costs one nothing is worth nothing, and that the 
value of a victory is to be ostimuted by its difficulty 
of accomplishinent. 


The Lines of every Form, whether in Nature or in Art, 

reducible to two, 

Has it ever occurred to the young ornamental 
draughtsman that all the forms and combinations of 
forms, whether in nature or in art, are bounded or 
terminated by two kinds of lines only, one straight, 
the other curved? It is exactly with drawing aa it is 
with every other art or science which can boast of 
anything like method or system, that there are certain 
great central principles which give birth to others; 
and those in their turn, being generative, produce 
what we may call principlets, and so on ad infinitum, 
One leading or certain leading principles lies or lie 
at the root of any science, and every principlet of the 
complote system springs either dircctly or through 
ascending steps of various degrees of removal from 
this or from those principles. So is it truo that every 
form, in every department of drawing, whether figure, 
landscape, ornamental, architectural, or geometrical, 
however complicated that form may be, is reducible 
to the two classes of lines, straight and curved. 


Ability to draw accurately the Two Classes of Lines essential 
to the Young Dranghteman. 

But the great fact for the young ornamental 
draughtsman to consider as a truth is the one at 
which we hinted in our opening remarke—namely, 
that it is imperatively necessary that he be able to 
draw these lines with something like mathematical 
uccuracy, and that he learn to do this at the very 
throshold or outset of his career as artist or draughta- 
man. To imitate with decision and firmness any 
object placed before him, or to “ body forth the forms 
of things,” to know the right kind of line to employ, 
and to be able tu employ it, is quite essential, I+ ig 
this fact which gives to such systems of drawing as the 
one which Kumpa of Dresden claims with charming 
simplicity to have bee: the first to introduce, their 
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walue and weighty significance. It is the importance 
of this which alone excuses and explains the dry 
drudgery to which moat art students are subjected in 
the beginning of their study. It is this complete 
mastery of manipulative obstacles which we especially 
insist on ; and we earnestly desire the student, through 
consideration for his own interests, not to advance one 
single step up the ladder until he finds his foot firmly 
placed on the one below. 


The Materials employed in Ornamental Drawing—The “Tools” 
of the Draughtsman in his Earliest or Elementary Work 
—Different Materials and the Methods of using them 
explained—BSlate and Pencil Bystem. 

It is here necessary that we should say a few words 
on the materials which it will be advisable to use in 
commencing operations, before we proceed to our more 
specific instructions, This is a point of much import- 
ance, and as it hus created some difference of opinion, 
it may be well for us to present the notions of various 
authorities on the point, and afterwards atate which 
we think best. 

IIerr Kumpa, of Dresden, to whom we have just 
referred, recommends the pupil to use, in his first 
attempts, either a slate and pencil or cheap cartridge 
papor and charcoal. The advantages of the slate-and- 
pencil plan are, that after the small first cost, the 
expense is practically nothing, and that mistukes are 
quickly and easily rectifiable. ‘T'wo-pennyworth of 
slate-pencil, rightly used, will suffico—it is claimed 
for this system—to make a man a finished ornamental 
draughtsman, whilst the errors can be more rapidly 
erased than committed, One seeming disadvantage 
of this plan is, that the pormanence of the drawing is 
entirely out of question, We have said disadvantage, 
but it is more than questionable whether this should 
not be included amongst the advantages, For the 
youthful ornamental draughtsman muy rest assurcd, 
that for quite a long time to come he will not be 
able to draw anything worth keeping. His efforts 
will be weak, wavering, and wilful, and the per- 
manence of things possessing such characteristics is 
an evil under thesun, Preserving first drawings, then, 
is by no means a very desirable proceeding; and it is 
one of the finest habits a man (whether artist or not) 
can get, tO use an eraser, When necessary, without 
flinching, There is, however, always something, if 
not much, to be said on both sides of a question, 
And there is this advantage in keeping the efforts 
in drawing from the beginning,—that they afford, as 
it were, a record of resulta at various stages, and in 
this way admit of comparative observations being 
made as to progress. We know, as the saying is, of 
“no end” of cases where “copies” of all work are 
kept. Indeed, we may question if this be not the 
rule amongst the best masters of schools of art 
throughout the United Kingdom. But perhaps a 


real drawback to the use of a slate may be found in 
the fact that the transition from slate to paper is 
not of the easiest; and as in practical working, 
drawings will be on the latter material, it is de 
cidedly better to become accustomed to use it as 
early as possible, One has, after all, to deal with 
paper ultimately, so one may as well get over any 
difficulty as to its use at the beginning — indeed, 
better, aa time is in reality gained. For there is but 
little practionl use in learning to use materials which 
are not, and indeed from their naturo cunnot be, 
employed in the after practice of ordinary work. 


The. Cheap Cartridge Paper and Charcoal Pencil or Crayon 
System for Elementary or Groundwork Lessons in Orna- 
mental Drawing. 

The charconl-and-papor plan next claims attention, 
Mr. George Wallis and also Herr Kumpn are at one 
in recommending the studont to adopt this method. 
Herr Kumpa tells us that “The studont should be 
supplied with paper of a coarse description. The 
pencils should be charcoul, which has the double 
advantage of marking with a small pressure, and of 
being ensily obliteruted, by which the pupil is com- 
pelled to a light and free touch, and much paper 
will be saved.” Mr. Wallis snys, “I approve of the 
charconl upon paper.” We would, however, advise 
the beginner in ornamental drawing to be careful how 
he follows the course recommended by our Drosden 
authority—at least for the reason he gives. The use 
of charcoal, he affirms, will compel the draughtsman 
to a “light and free touch.” Now, if one could make 
anything like a reasonable calculation of the miles of 
good drawing-paper which have been wastod by “ light 
and free touches,” it would mako one pause before 
acting upon Kumpa‘s advice, ‘The roader, who is 
here supposed to have some knowledge of the art of 
ornamental or freehand drawing, has moxt probably 
been requested at times to pnss an opinion on the 
portfolio sketches and “finished ” pictures of amateur 
artists, If his views of faithfulness in painting have 
in anywise ovincided with those expressed by good 
authorities, —if he has come to regurd it as an art, 
in the practice of which downright toil and immense 
experience are essentials to success,—if, in short, he 
has begun to estimate tho value of a picture by 
its noblene«s of conception, and the amount of earnest 
labour expended upon it, he will remember the pain 
with which he witnessed the mortification of his 
amateur friends when he has tacitly condemned their 
“light and free” compositions by abstaining from 
passing judgment upon them. Do not let us be 
misunderstood here. “ Lightness” and “ freedom” 
of touch, when they are the result of perfect mastery 
over the pencil,—a mastery which is only to be acquired 
by long continued and painfully concentrated effort, 
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are admirable, Let an artist give the “ lightness’ and 
“freedom” of a Gainsborough every kind of praise, 
by all means; for of him Ruskin has said, “ His 
stroke was as light as the sweep of a cloud, as swift 
as the flash of a sunbeam,” But when these things 
are said to be characteristics of the drawing or painting 
of one whose experience is bounded, say by that of a 
couple of years, one may very safely, as a general 
rule, condemn them and the system of which they 
are the result, So that one may with some degree of 
prudence refuse to adopt a material which promises 
“lightness and freedom” of touch without that perfect 
mastery over the pencil above alluded to; and which, 
as a Tule, can be got only by heavy struggle and years 
of difficulty, But perhaps, after all, Kumpa has been 
unintentionally overlooking the disadvantages arising 
from the use of charcoal, The fault lies partly in his 
erroneous statement; but, we are bound to say, partly 
likewise in the material he recommends. Its peculiar 
softness and friability may fit it for rough sketches of 
subjects which have to be worked up in another 
material; but for the student to begin using it at 
the outset of his attempts at line drawing is not 
only “tvo rash, too unadvised, too sudden,” but it 
appears to us to be a pretty certain road to artistic 
wealcnoss in work, 


The Pen-and-Ink and Scrap-Paper System for Elementary 
Work of the Ornamental Dranghtsman, 

The plan which Mr, Ruskin recommends differs 
widely from the other two. He advises the student 
to supply himself with pen and ink and any old 
ecraps of paper within his reach. In this advice may 
be traced, we tltink, the influence of some of Ruskin's 
noble principles of thought. “ Let us have,” we can 
fancy him mying, “tho definite, the clear, the in- 
dubitable; givo us truth direct and unmistakable; 
but in nowise, good friends, forget that man has a 
weird strange soul within him, which will grope, it 
may be blindly enough, but will grope, nevertheless, 
after the infinite. Remember this, in all things, 
courteous student. Choose pen and ink for elear 
blackness and clear whiteness. Choose them, like- 
wise, for minuteness and mystery.” Now, we have 
tried this plan of Ruskin's with something more of 
application than we have bestowed upon the two 
previously mentioned, and it needed but slight ex- 
perienco to convince us that it was immeasurably 
superior to either the slute or the charcoal and paper. 
It is surprising to some who give this method a fair 
trial for the first time to note how definiteness and 
delicacy are within the limits of the pen’s capability, 
It possesses wondrous power of subtlety and mys- 
terious refinement. The slightest shades of meaning, 
go to say, in lines, are within ita power of expression, 
and in this most important respect the other two 


plans will not bear with it a moment's comparison. 
And the expense is next to nothing. We think very 
highly indeed of Mr, Ruskin’s system, and commend 
it to the careful consideration of the student, 


The Black-lead Pencil and Drawing Paper System for 
Beginners in Ornamental Drawing. 

The good old-fashioned plan of black-lead pencil and 
paper we ehall treat of lastly, These are the materials 
which we suppose some of our oldest readers, “ whose 
heads are growing grey,” used when learning to draw 
at school in their early days. One can recollect 
how the miserable trifles of well-thumbed ‘drawing 
copies "—the only ones obtainable by the pupil in 
those times when the “press” had done so little— 
were handed round without much reference to indi- 
vidual capacity or idiosyncrasies. With reference to 
this black-lead pencil plan, we may say that our 
opinion is favourable ; but that in those characteristics 
which we have named as belonging to the pen, it 
fails to attain to the pen’s excellence of flowing soft- 
ness and distinctness. Now, the plan we would re- 
commend the pupil to adopt in the study of ornamental 
drawing is that in the earlier stages of practice the 
black-lead pencil should be used, till some firmness and 
facility of execution or handling be attained. This, 
however, does not prevent the pupil from using the 
pen and ink afterwards, when grcater subtlety and 
intricacy are required than are expressible by this 
material. He will, of course, accustom himself to the 
use of pen and ink, whilst at the same poriod of his 
practice he is also busy with making the curves and 
lines in bluck-lead. Let progress in the mastery: of 
the two be carried on simultaneously —that is, if the 
two be used. 


The Kind or Olass of Materials the Student is to be provided 
with, 

The pupil is supposed to have provided himself 
with an F or H B bluck-lead pencil—costing from 
one penny up to fourpence or sixpence, according to 
quality—a sheet of cartridge-paper, which may be 
had for twopence, and a small drawing-board, the 
cost of which need not be even a shilling, or at the 
most eighteenpence. The cartridge-paper is stretched 
on the board after the following fashion :—Damp the 
paper on both sides with a sponge dipped in quite 
clear water, and afterwards smear a little common 
glue, or strong dissolved gum arabic, along the edges, 
about half an inch in width. Lay the paper, after 
it is again surface-dry, on the board; and place it 
thereon exactly square, or as nearly so as possible, 
and then with a sponge press it gently down on 
tho board, Let it lie, then, for say a couple of hours, 
when the paper will be found dry, stretched, and 
ready for use, 
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THE FACTORY OR MILL HAND AS A 
TECHNICAL WORKER. 


JHE ORGANIZATION, GENERAL DUTIES, AND SPECIAL 
Wonk OF THE STAFF OF FACTORIES FOR THE PRODUC- 
TIO N OF SPUN AND WOVEN GOODS—THAT 18, “YARN” 
AND “CLOTH "AND THOSE OHIBFLY IN COTTON AND 
WooL--GENERAL DESCRIPTION OF THE VARICUS PRO- 
CESSES OF MANUFACTURE, 


OHAPTER I, 


casa Varlaty of Fabrics in which Cotton 

is Employed. 
Great Barirain is, and has been, the seat of the 
cotton manufacture in all its branches, and it may 
be called the birthplace of textile goods in cotton— 
the first and by far the most important of her textile 
manufactures, and to which, therefore, we direct 
our first attention. The enormous population em- 
ployed in the preparation and finishing of this 
material gives it the leading position in this coun- 
try. Cotton yarn, in its entirety, is largely used 
in the form of calicoes, prints, fustians, velveteens, 
ete. It is alao made use of in the worsted districts, 
asa matorinl for mixture with worsted goods, When 
prepared for that purposo it is strong, and thorefore 
used in the longitudinal parts of cloth—termei 
technically “the warp” (see 4 succeeding chapter on 
“Weaving ”)—in the weaving of goods such as are 
manufactured in the district of Bradford, in Yorhk- 
shire, mixed with goods—such as alpacas, meriuos, 
cashmeres, coburgs, ote, ete. Ootton yarns for 
the “warp” are therefore in considerable request 
in the woollen manufacturing districta, being 
used mostly in what are denominated “common 
goods,” and in fancy cloths, such as at present 
are fashionable, and have been for many yenrs 
past. Cotton prepared for this purpose, being strong, 
bears a great pressure or tension in the weaving, 
which makos it so well adapted for such goods, and 
it has the further advantage of being produced at a 
low price, “Cotton waste” (te. the inferior purt 
which is taken out of cotton, short and coarse, whilst 
it is undergoing the processes of carding and spinning) 
is very freely used in the districta where inferior 
manufactured materials in wool are made; and it is 
used along with the short wools in the first process 
or preparation, and is thus thoroughly intermixed. 
Cotten in the form of “warp twist,” or yarn, is 
also employed largely in the Nottingham manufacture 
of Inces, nets, ete, etc.; and in the same form it is 
also used largely in the silk manufactures. In the 
worsted, woollen, and silk manufacturing, the cotton 
thus used is hid by a process of weaving which 
throws up the worsted, wool or silk to the top (the 
fuce side). 


Localities fa which the Ootton Manufacture is carried on: 


Lancashire its Chief Seat, 


It will thus be seen in what various forms cotton 
yarns are employed, and therefore it will be clearly 
underatood why the cotton trade emplovs its millions 
and why it should stand in such a prominent position 
and take the lead of all other manufactured fibrous 
materials, We may say, if we take a district of 
twelve miles (all round Manchester), that in cotton 
spinning and manufacturing its trade will, in ita 
value, exceed that of the whole world. Certainly, 
if we take the whole of Lancashire, we might safely 
make this assertion. This trade in cotton is really the 
staple business for Lancashire, for which may be said to 
exist all the other trades—such as bricksetters, joiners, 
engineers, millwrights, machinists, in all branches, 
and a seore of others, to furnish the various materials 
—as, for instance, rope or twine makers, belt manu- 
facturers, ete, oil and tallow merchants, cotton 
merchants, waste denlera, and sundry other dealere 
in the various materials as they nre cast off, together 
with all such articles as are again worked up in 
tho Lancashire distr ict, All the worn-out or cast-off 
materials used in the cotton trade, as well ax all cast- 
off articles in any other branch of trade, tind a market 
readily; and the various matters in and about the 
works of cotton mills are not wasted when cast on 
one side, but are used for moro inferior goods. ‘Tako, 
as an example, cotton waste, which is the inferior or 
refuse part got out of the raw cotton, When it is 
carded or spun (ie. taken through all tho ordinary 
processes of the raw cotton), being of a conrse, dirty 
nature, if is made into coarse yarn suituble for cu- 
pets, candle-wicks, ete., elc,; and is also, us we have 
anid, nob uncommonly mixed largely in with common 
articles of the wool manufactured goods. Some of 
the worn-out materials belonging to the cotton- 
spinning and mannfacturing mills will be more 
minutely treated of as we procecd, 

In a suecoeding chapter we shall give a brief 
dexcription of the numerous towns in Lancishire 
engaged in the cotton manufacture, with a statement. 
of the peculiar classes of goods for which thoy are 
noted. And from this, in the inero extent of the 
list, the reader will be able to form some conception 
of the gigantic nature of the cotton trade carried 
on in the districts clustering round the grent city 
of Manchester ax a centre, And although he will 
further be helped to come to a more accurate notion 
respecting it whon we tell him that the towns 
which muke up the body of the cluster as a whole 
are in themselves large towns, many with some 
tens of thousands of inhabitants, this will still 
convey but a very inadeyuate idea of what the real 
atate of the trade is. We have just anid that thess 
clustering towns are large; but they are very small 
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compared with the vast city which forms their centre. 
This city, like a gigantic wheel, ia year after year 
extending the length of ite numerous arms, till they 
are touching town after town, the locality of which 
but a few years ago was deemed by the inhabitants 
to be such as placed them in such a relation to 
the great “town” that they could well claim that 
separate corporate existence which seems now in 
danger of being absorbed by their mightier neighbour. 
Nor does all we have stated exhaust the fleld of the 
cotton trade, Although its real centre is Manchester, 
Lancashire does not monopolize the whole of it. 
Here and thore—as at Derby as a centre, and as for 
north as Carlisle—cotton factories not a few, taking 
them in their aggregate, are to be met with in other 
counties of England ; even London, the characteristics 
of which are somewhat if not essentially different 
from those of the manufacturing towns of Lanca- 
shire, can boast of ut least one pure cotton factory. 
But wo must leave England and go much farther 
‘north than even Oarlisle before we con exhaust the 
localities in which the cotton trade flourishes and 
forms an {important factor in the general eum of 
national prosperity. In Scotland we find that busy 
seat of trade and commerce, Glasgow-~heyond doubt 
the second city of the empire in population and in 
wealth—contributing largoly by the number of its 
factories to the general aggregate of those of Great 
Britain, taken as w kingdom. 

We shall now take up the various departments of 
the work done in a factory for the spinning of the 
yarns used in tho weaving of cotton cloths, or as they 
are vory generally termed, calicoes ; pointing out the 
nature of this work, and detailing the duties of 
those hands who attend to it. Previous to this, 
however, it will be well to give a few remarks on the 
material itself, 


The Material from which Caliooes are Made, 


Cotton is a vegetable downy substance found in 
the seed-pod of a tree called a “cotton-tree.” This 
is very extensively planted in America, Rgypt, and 
India; and although we receive small quantities 
from China and other parts of the world, the above 
countries are those we so largely depend on for 
our supplies of the article. The pods of a cotton- 
tree may be likened to the buds of a rose-bush. When 
they begin to open, like the rose-bud, then the 
pickers, women and children trained in this branch 
of work, go through the plantations, and pluck the 
cotton and seeds of those that are ripe, leaving 
the husks behind. The cotton as it is gathered is 
full of moisture, and therefore requires drying. The 
cotton with the seeds thus gathered are exposed to the 
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sun until they are quite dry. As they are gathered 
after being dried they are operated upon by a machine 
called a “gin.” This “gin” causes the seeds to be 
separated from the fibres of the cotton. We must 
say that all the seeds are not taken out of the fibres 
of the cotton, but only comparatively so. This “ma 
chine-ginning” is the only operation through which 
the cotton has to pass before that of packing it into 
bales. When they arrive in this country they are 
known by every schoolboy as bales of cotton. The 
cotton from America and Egypt is enclosed in coarse 
wrappering, and is so closely packed by machinery 
and with the aid of a little water occasionally put 
in the bales while being packed, that though small 
in bulk it sometimes reaches the great weight of 
seven hundredweight, or nearly 800 lb. Like all 
other articles which are imported into this country 
from distant parta, it is sent very often by sailing 
ships, the carriago by such ships being less than that 
by steamers, and articles of this kind not being of 
the importance of some goods, which would deteriorate 
seriously by 2 long voyage. Lendon is not reckoned 
generally as a cotton port, though we have had cotton 
many times which hag been bought in that market. 
Liverpool is the true market for cotton of all growths. 
The cotton broker knows the district where it has 
been grown by the name which is given toit. For 
instance, Brazil cottons are distinguished by the 
names of Maranham, Pernambuco, Pura, ote, Ootton 
brokers not only know readily the places where the 
different varieties are producod, but they can desoribe 
tho quality very uccuratoly; just as we often speak 
of West of England woollen cloth, that district 
having the reputation of producing the best cloth 
made in England, 


Qualities of Cotton used for Different Classes of Goods, 


Indian and American cottons are principally bought 
to make the general class of calicocs or coarse goods, 
for whatever purpose it is employed in. The 
Kgyptian cotton varies very much in its quality, 
but is nevertheless used in some cases with and for 
the same purpose as that from America. A low 
Class of yarn, say “40%,” is made from the coarse 
quality, and all intermediate counts of yarn are spun 
from that number (40*) up to 150% In addition 
to the fine yarn, as it is termed—150* being made 
from the finer quulities entirely—we would say, and 
that from experience, that 200 yarn ia.spun from 
a mixture of fine Egyptian cotton with others of 
a stil] finer quality. The next fine, nay, we may 
say the finest, cotton used is that commonly called 
“Sea Island.” All the very best and the finest goods 
are made from the “ Bourbon” and “ Sea Island.” 
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THE MACHINE MAKER OR GENERAL 
MACHINIST. 
SPECIAL EXAMPLES OF HI# WORK--ITts LEADING TEOH- 
Xi04L PRINCIPLES AND DETAILS, 


(ae 


CHAPTER I. 
Introduction. 


Some one has made the remark that our country 
owes its wealth and power to its machinery, Like all 
sayings of the kind, which limit the creation of a 
certain position to one influence only, overlooking 
all other influences; this, while in its nature exag- 
gerated and paradoxical, contains nevertheless much 
that is absolutely true. For if one more or less closely 
examine the varied powers which have ministered in 
times past, and minister now even more decidedly 
than of old, tothe wealth and position of our country, 
one is constrained to confess that machinery possesses 
not the lest influential of positions. For the more 
closely wo look into what may be called the inner lifo 
of even those branches of commerce which seem at 
first sight to have but little connection with machinery, 
we find that in reality they are dependent upon it, 
—that without its help their business would be at a 
standstill. And so far og trades generally are con- 
cerned, it is difficult to find one, which in one way 
or another is not largely dependent upon what 
machinery does for the dotails of its work. But if 
we turn to special branches of trade, we find that 
they are wholly dependent upon machinery, which in 
reality constitutes tho only powor by which they exist 
and by which the wealth of the country is so enor- 
mously increused. We need only refer to the textile 
manufactures in proof of this, or what aro more 
widely and popularly known as tho cotton, the wool, 
the silk, and the flax “trades,” 


Manual Labour the Characteristio of the Early Forilods of 
Manufacturing Industry. 

At one period in the history of our country such 
limited work as was done in the making of the fabrics 
which constituted either the necessary or the luxurious 
clothing of the people was done almost wholly by 
manual labour. But even in those, the days of primi- 
tive simplicity of work, machinery, or at least simple 
forms of mechanism, were used, Without them, indeed, 
but little progress would have been made, notwith- 
standing the dexterity of the hands and the accuracy 
of the eyes that formed such striking features in all 
trades, which then were much more accurately defined 
as, or termed, manufactures (see the “ Cyclopmdic 
Dictionary of Technical Terms” for the derivation 
of this word) than they are now, when the hand 
does so little and machinery s much. The very 
term, indeed, indicates that the work of our textile 


trades was almost wholly dependent upon the manual 
skill of the workmen and workwomen employed in 
them. And it is curious, as it is suggestive, to 
observe as indicative of the high position which the 
textile trades occupied in popular estimation as the 
power which ministered s0 much to the well-being 
of the community, that the term manufactures was 
applied almost exclusively to the products of our 
textile trades, and the term “manufacturer,” as indi- 
cating a calling or trade pursuit, was applied only, as 
it is still understood to be, to those who were engaged 
in their production. Nor need surprise be expressed 
at this; for in those onrly days, ns now, next to the 
supply of food, that of clothing occupied the highest 
position in the estimation, and demanded the highest 
skill of man. 

In glancing at the influence which machinery has 
exerted in creating the wealth which has in turn 
given the powor that has placed us nat tho head of 
all nations of the earth, we are more than justified 
in reforring to our textile trades as the most striking 
exainple of what that machinery has done for us. We 
have said that for long the work of thoso trades was 
done almost wholly by hand, the mechanical helps 
which the “hands” possessed being of such a simple 
character thal they were more worthy of the name 
of appliances than of machines. And it is curious 
ugain to observe here that the remembrance of this 
condition or state of matters is perpetuated in the term 
hands,” which to this day is usual to denote the 
workpeople employed in our cotton (und other cloth 
or textilo fabric) mills and factorics, And although 
the term has now got an extonded application, being 
used to denote the workers in other oxtablishments, 
it is still nnderstood to apply spocinlly to those of 
our textile trades, 


Machine Working gradually Introduced as a Aubstitute for 
Manual Labour in Manufacturing Industry. 

But as our population and our wealth multiplied, 
and as the spirit of commorciul or trade onterprixe, 
which is the special characteristic of the Anglo-Saxon 
race, increased and was extended in evor-widening 
circles, the simple mechanical appliances sufliced no 
longer to meet the growing demand for tho textile 
fabrics which constituted the clothing of our own 
people and those of other countrics who were but too 
eager to avail themselves of such scanty supplies us 
we could then spare from our own stock, Inventors, 
with somo insight into, others with a remarkable pre- 
science of, what the trade might be and could be made 
by greater helps to production, bent their minds to 
increase this by the aid of machinery. Simple as the 
appliances were, enough was known of their power in 
giving a production, which without them would lave 
been altogether inadequate to meet the demand for 
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the necessary clothing of our own people. So that 
there was every reason why men of an inventive 
turn of mind should apply themselves to find out 
mechanical helps to work which, from their superior 
arrangement and design, would be entitled more 
clearly to be classed as machines than the simple 
appliances which they were intended to supersede, 
In process of time, machine after machine was in- 
vented, made, and applied practically to the textile 
trades, till now we find that the minimum amount 
of manual] Inbour is required to produce our textile 
fabrics, as compared with the period when machinery 
had comparatively no existence. But complete as the 
revolution has been which has substituted the work 
of untiring mechanism for that of manual labour, 
which at the best can givo out only a limited power, 
the desire on the part of our manufacturers to still 
further do away with the necessity to employ manual 
labour is such that the chief work of our machinists 
may be said to consist wholly in the invention 
and manufacture of Iabour-saving contrivances and 
machines, 

Circumstances which made the Introduction of Machinery 
into Manufacturing Industry a Work extending over a 
Long Period, 

But while almost every one is acquainted with the 
fact that our great textile trades are now carried on 
by the aid of machinery almost alone used, workpeople 
or “hands” being employed chiefly to look after its 
working, it is only those who know the innor secrets 
or history of the trades who are aware how long it 
was before machinery could be applied practically to do 
the work of the men and women who at one period 
did it all, or nearly all. It was not that inventive 
genius was not fortheoming to devise machines more 
or less elaborate to perform the work before or then 
being done by hand, more or less intricate in its 
character, On the contrary, machines were invented 
at a period so early that they may with all truth be 
said to have been designed before they could be made 
xo as to do the work practically. This may appear a 
strange statement to some, and to many its meaning 
will not be at all understood. The position may be 
thus simply stated. The machines invented by the 
real founders of the modern textile trades, such 
as Paul, Hargreaves, Compton and Arkwright, being 
designed to supersede manual labour, the mechanical 
movements which had to copy the dexterous and 
deft movements of skilful fingers, aided by sharp, 
intelligent cycs, were necessarily of a more or legs 
complicated character. And being 80, they demanded 
for their practical embodiment in machines which 
would work, the exercise of high constructive and 


mechanical skill on the part of the machine makers 
who had to construet them. They on their part had 
manipulative dexterity enough,—and, indeed, it may 
be said that a fay higher degree of msrn'y manual 
skill existed generally then than exists now amongst 
mechanics, Nor need this be matter of surprise, 
seeing that it was the mere dexterity of the hand and 
the accuracy of the eye to which they had to trust. 
Now-a-days the great majority of the operations of 
a machine-shop are done with precision and accuracy 
by machinery, all of which had to be gone through 
in former days wholly by the hand. And the reason 
is not far to seek. The mechanics at the ime we 
have referred to, when ingenious invention after 
invention succeeded each other with astounding 
rapidity, possessed few tools; and of what may bo 
called machine tools they possosged, say, but two— 
namely, tho lathe and the boring brace—and these in 
arrangement and construction were of the simplest 
and the rudest. 


The Early Work of Machinists—Too] Making and Machine 
Tools by. which Machines are made—Material of which 
the Early Machines were constructed, 

What machinists had to do at the period to which 
we are referring was not so much to increase their 
constructive or manual dexterity as to devise and to 
make tools by which they could render that dexterity 
more widely available in the construction of the 
machines which the textile manufacturers and in- 
ventors of textile machines presented to them, and 
so urgently required of them, It was not, howevor, so 
much in the way of devising and making “hand 
tools” to moet the demand for a far higher claas of 
machinery than they had ever before, as a body, been 
called upon to make, For this machinery, not merely 
in the multiplicity of the parts, but in their delicate 
adjustment, necessary to meet the requirements 
demanded where the dexterous and nimble move- 
ments of the human hand guided and controlled by 
the human intelligence had to be imitated by machines 
alone, necessitated the employment of new materials 
in its construction. Up to the period of which we 
write, nearly all machinery was constructed of timber ; 
at least, timber played the most important part in 
its make, This is easily accounted for. We have 
said that hand tools were few; machine tovols could 
pearcely be said to exist, with the exception of 
the two rude and largely inefficient ones we have 
already named. And the tools, such os they were, 
were almost wholly fitted for the working of timber, 
The cage assumed a totally different aspect when iron 
and the other metals, as steel and brags, began to be 
used, And their use wag, indeed, imperative, 
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Ae Stuprre—Orrice DuTres—AND PRACTICAL WoRK IN 
THE PREPARATION OF WORKING DRAWINGS, OF SPECIFI- 
CATIONS, AND CONTRACTS FOR WORK, 





CHAPTER I. 
Introductory, 


Unper this title we propose to lay before our readers 
an account of the studies, practical, theoretical and 
historical, which the student must master to enable 
him to practise as an architect oras an engineer, The 
paper is intended specially for two classes of readers, 
First, those fresh from school or college who desire 
to join one of these professions, and who probably 
possess only very vague ideas of the arduous and 
anxious duties they will be called upon to perform, 
and of the prolonged und varied study to which meny 
yeara must be devoted. The second class comprises thoxe 
who have already entered the office of an architect 
or engineer ; and who are anxious to take the fullest 
advantage of such opportunities as will there be placed 
within their reach, and to supplement them by careful 
and well-designed study at home. Some of tho first 
class may probably feel that they do not possess the 
necessury ability and perseverance, and may by the 
perusal of our papers be thus saved both disappoint- 
ment and loss of time, For details of the various 
subjects mentioned, the reader is referred to special 
articles undor titles such as—“The Building and 
Machine Draughtsman,” ‘The Domestic House 
Planner,” etc, Technical terms, whenever used, will 
in the first instanco be carcfully explained; and as it 
is of course nbsolutely impossible for the professional 
man to do without them, the student is advised to 
commit them to memory. This will be greatly facili- 
tated by frequont intercourse with other studenta, and 
by daily visits to buildings and engineering works 
whilst thoy are still in the contractors’ hands. 


Arrangement or Division of the Subject. 


It might at first be supposed that the subject of 
office work and atudy would be all the better discussed 
under two heads, one applicable to Architecture and the 
other to Engineering. While certain advantages would 
flow from such an arrangement, still, as so large a 
part of what may be called the “office life” or the 
‘“articled term” is made up of work and duties 
common to both architects and engineers, while of 
eo much of what is home study the same may be 
said—by treating them together we shall at least 
obtain the great advantage of economy of space, 
consequent upon a concentration which avoids a repe- 
tition of pretty much the same thing, which would be 
necessary in each paper if the professions of archi- 
¢ecture and engineering were discussed separately. 
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And the whole will be so treated that those com- 
paratively limited points referring specially io one as 
distinct from the other will have that distinct place 
afforded them which will not cause any confusion 
between the two, 


Distinction between the Work and Duties of the Architect 

and those of the Engineor. 

It is in the first instance, therefore, necessary to 
point out wherein the architect differs from the 
engineer, what works are designed and erected by the 
one and what by the other, Briefly stated, all works 
in which construction is snbordinnte to design are 
architectural, and those in which design is subordinate 
to construction are engineering works, Every archi- 
tect must be proficient in construction as applied to 
buildings; but design and proportion are the features 
of his work by which his merit as an architect is 
judged, 'To the engineer construction is paramount, 
design and proportion being only required in oxcep- 
tional cases; nnd as the young engineer is rarely 
encouraged to cultivate an ability to design or to 
lenin the eyo to » true appreciation of proportion, 
most attempts nt design onthe part of engineers are, 
from an architect’s point of view, crnde and faulty. 


Classes of Work or Buildings which the Architect Dotigns, and 

the Erection of which he is called upon to Superintend, 

The buildings which the architect may be called 
upon to design may be arranged into five groups. 
lat. Places of public worship (church-work); from the 
dawn of civilization to the present time, amongst all 
nations and in all countrios, the greatest architectural 
tulent and skill have been culled forth by and devoted 
to their erection, 2nd. Buildings of every variety and 
size intended for tho hnbitation of man (domestic 
work) ; these form undoubtedly the most important 
group, and should be studied with special sarc, as 
evory architect is probably called on to design build- 
ings of this description in the course of his professional 
career, and any shortcomings must cause the utmost 
discomfort and probably loss of health to all those 
whose misfortune it is to inhabit houges badly planned 
and constructed (sce a specin] paper on this import- 
ant department, “The Domestic House Planner "). 
8rd. Public buildings for utilitarian purposes, such as 
schoola, hosnitaly, workhonses, asylums, und prisons ; 
the preparation of plans for buildings of this group 
requires epecial inowledge, und experience on the purt 
of the architect, who must not only be acquainted with 
all the legal enactments referring to them—which in 
some cases, notubly lunatic asylums, are very stringent 
— but must also be familiar with their interual 
economy, system of management, classification, ete. 
4th. Warehouses, factories, markets, banks, and build- 
ings of every description intended for commercial and 
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manufacturing purposes; this group is of compara- 
tively recent origin, and has become in large towns 
and seaports of the utmost importance; ironwork is 
a special feature in their construction, and one that 
the student of architecture must study both theo- 
retically and practically. 5th. Miscellaneous group; 
this includes government and municipal buildings, 
museums, theatres, monuments, etc, It is scarcely pos- 
sible for the student to become thoroughly conversant 
with tho requirements and details of cach of the five 
groups; he is advised to select one of them and to 
devote the greater portion of his time and energy to 
its study, and to obtain a more general knowledge of 
the others, which, of course, cannot be complotely 
ignored. 


Olasses of Work or Structures the Engineer Designs, and the 
Execution or Erection of which he Directs and Superintends, 

The term “ Engineer” is a very comprehensivo one ; 
the profession is divided into a number of distinct 
groups. The student must select one, and devote the 
whole of his attention to it, Ist. Civil Enginoering, 
which includes railway, mining, dock ond harbour 
works, water works and supply, sanitary and sewage 
works, the erection of roofs, bridges, ete., formation 
of roads, and a great varioty of miscellaneous work 


involving masonry and iron construction, This group: 


is so extensive, and includes such a variety of work, 
that civil engineers generally devoto the whole of 
their attention to whut may be called one sub-group, 
such as railway work or mining. 2nd, Telegraph 
Engineering. This hos become a most important 
group within the last few years, It of course includes 
the laying of deep sea cables, to which a special articlo 
will be devoted, A practical as well as a theoretical 
knowledge of electricity and its applications is abso- 
lutely necessary, 3rd. Gus Engineering, This is 
n comparatively limited but distinct group. 4th, 
Mechanical Engineering. ‘his, like civil engineering, 
may be subdivided into a largo number of sub-groups, 
such as locomotive and engine work, spinning and 
weaving machinery, hydraulic machinery, ete. 5th, 
Military Engineering. This, like the third group, is 
a comparatively limited one, but, unlike most of the 
others, has a history extending far back to remote 
ALES, 


The System of Study of the Young Architect and Engineer. 

Assuming that the student has made his selection, 
@ brief account of the system of study in vogue in 
this country will now be necessary. It differs from 
that on the Continent, where there are technical 


schools for students of architecture and engineering, 


at which a number of years must be devoted to 
theoretical study before the practical work of the 
office iscommenced, In this country, on the other 


hand, the beginner fresh from school or collego is 
thrust into an office, in the majority of cases without 
any preliminary theoretical training, and allowed to 
pick up knowledge as best he may. There are, 
of course, exceptions to this objectionable system. 
Tondon has ita King’s College, Crystal Palace School of 
Engineering, and tho recently established Technical 
Institute, of which the large establishment at South 
Kensington may be considered the central college, 
as well as numerous classes for tho student of 
architecture, In several large towns there are also 
opportunities of obtaining theoretical knowledge—in 
the Technical Institutes established recently, as in 
Manchester, Bradford, and elaewhoroe; but those who 
take advantage of them are in the minority, and 
will probably continue to be so until a compulsory 
examination is introduced which every student must 
pass before he can be allowed to practise os an archi- 
tect or an engineer, We earnestly advise tho student, 
if he has the opportunity, to devote not less than two 
years to preliminary theoretical study before com- 
mencing work at the office, which should extend over 
at least four years, When this is impossible—which 
will necessarily be often the caso until technical schools 
exist in every large town—the student should supple- 
mont tho work of the office by private study during 
his leisure hours. Advantage should in every caso be 
taken of the schools of art, more especially by the 
young urchitect, to perfect himself in freehand figure 
drawing and perspective (see “Tho Ornamental 
Draughtsman,” and the paper on “ Form and Colour 
in Industrial Decoration”); water-colour painting 
should also be studied. The extensive, highly inter. 
asting, and instructive literature of architecture and 
engineering should be carefully read, and every 
opportunity taken of forming n stall and well-selected 
library of professional books. The still more oxtensive 
range of Continental technical literature should not be 
overlooked, To this special allusion has been made 
in our opening paper, “Technical Education in re- 
lation to the Present Condition of our National 
Industrial Work,” to which we refer the reader. ‘The 
young engineer must dovote a portion of his time to. 
the study of mathematics. 

We may conclude these preliminary remarks by 
nuggesting that it is not desirable that the student 
should be immediately articled. A few weeks spent. 
in the office before this is done will not be time wasted, 
as it will enable him to familiarise himself with the 
use of the drawing board, to gain some insight into 
the routine work of the office, and a last. opportunity 
will be offered him of reconsidering the intention of 
becoming an architect or an engineer. If all the pre- 
liminaries have been satisfactorily arranged, the articles. 
duly prepared and signed, the serious work of the 
student's career will commence, Routine office work 
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and the studies in which proficiency must be attained 
by students of both professions will now be described, 
As already stated, detailed information upon all these 
will be found in special articles, to which the student 
is referred. 


General Boutine of the Office Work of an Architect. 


The newly articled pupil must not expect to take 
an active part in the business of the offico for some 
time; two or three months will elapse before he has 
familinrised himself with the daily routine work, 
even if he has spent a considerable length of time at 
a technical school and school of art, as he will find a 
wide difference between the real work of the office and 
that to which he has been accustomed. Of course his 
progress will be more rapid with than without the 
preliminary training. As every architect must be an 
expert draughtsman, tho first duty of the beginner 
will be to acquire a knowledge of mechanical drawing 
and facility in the use of the drawing instruments, 
T-saquare and set-squares. These subjects will he 
described in detail in separate chapters, under 
the heading “The Building and Machine Draughts- 
man.” Particulars of the principles and practice of 
freshand drawing, so essential to the architect and 
builder, will be found in the pnper entitled “The 
Ornamental Draughtsman.” This knowledge is 
generally acquired in this country by the persistent 
copying of office drawings: tho beginner is thus 
enabled, whilst learning the rudiments of mechanical 
drawing, to familiarise himself with the work he will 
be expected to undertako later on. It is, of course, 
necessary to understand what the drawings copied 
represent ; this can only be done gradually, Whilst 
engaged on this description of work knowledge will 
also be acquired (1) of the various processes through 
which each drawing must pass before it is considered 
complete; (2) of the variety of drawings required for 
each building or engineering work, from the first rough 
aketches to the full-sized details; (3) of the large 
amount of work required in each case, in addition to 
the drawings—such asthe preparation of the specifica- 
tion quantities and contract, 


General Routine of Outdoor or Field Work. 


When some experience of indoor office work has been 
acquired, outdoor or field work will be commenced. 
This includes levelling and surveying, measuring up 
builders’ work, setting out buildings, superintending 
their erection, etc. At the end of eighteen months, 
or two years, the pupil may reasonably hope to have 
obtained a fair knowledge of both indoor and outdoor 
work, and ought to have become a proficient draughts- 
man. Original work will then be expected from him, 
and his progress ought to be rapid; but it will depend 
entirely on his own ability and industry. 


Drawing—The Primary Work of the Office -Processes or Stepa 
through which Drawings must go to be Complete for 
Practical Use—Penoilling and Inking-in. 

Each drawing goes through at least four processes 
before it can be considered complete: it is in the 
first instance drawn out in pencil, and is kept in this 
incomplete state until all the othera belonging to the 
same “set” have been prepared, so that any altern- 
tions or additions may be made with as little trouble 
as possible, Beginners ure too apt toignore this rule, 
only to find when too late that much of their work 
has to be erased and re-drawn, which can scarcely be 
done without injuring the surface of the paper and 
permanently damaging the drawing. The whole “ set” 
is then inked-in, and thus rendered permanont—a very 
tedious, though necessary process, as the drawings 
must be referred to daily for a considerable length of 
time, and if left in pencil would soon becomo indis- 
tinct and useless. The inking-in must tuke place in 
the following order :—First, all circular work that has 
to bo turned in with the compasses must be done; it 
frequently happens, as in the caso of a richly moulded 
arch, that the contre is completely worn away, und no 
hold can be obtained for the instrument—a small horn 
“centre” must then be used. After the circular work, 
all the horizontal, and then all the vertical lines musi 
be inked-in; last of all the outlines and sections of 
mouldings, the carving, figures, and all other freehand 
work, When this process has been comploted, the 
whole drawing should be sponged over; this is not an 
invariable practice, but it is strongly recommoanded ; 
caro must bo taken that the water and tho sponge 
should be perfectly clean; when left todry the draw- 
ing must be placed in a horizontul position, so that 
this may take place uniformly over the whole surface, 


The Qolouring of Office Drawings. 

The noxt process is that of colouring: the various 
materials indicated on the drawing, a4 well as the sec- 
tion and elevation portions, must bo distinguished by 
different tints ; each office hus its own system of colour- 
ing, which ig rigidly adhered to; ono is given below 
which will be found useful, The colours should be 
applied as far as possible pure, so as to facilitate the 
matching of a tint if the supply runs short, 

Decide what is to be coloured before commoncing, 
and never leave a wash unfinished ; if the area to be 
coloured is extensive, care must be taken to provent 
the edges from drying; if compelled to leave whilst 
colouring, finish if possible up to a line, so aa to 
hide the joint or edge, The application of a tint ix 
frequently facilitated by mixing a slight quantity of 
ox-gall with the colour. Whilst being coloured th: 
drawing should be slightly tilted. All the brushes, 
colours and palettes should be kept serupulously clean. 
Always commence with the light tints; when a larg: 
number of drawings have to be coloured together, each, 


tint should be applied in turn to the whole set. When 
it is desired to give a colour “body,” Chinese white 
should be added. It is useful to know that crimson 
lnke and other vegetable coloura can be removed by 


means of dilute chloride of lime; after applying it (by | 


means of a special brush), it must be removed with 
water and blotting paper. 


Colours used in Offce Drawings to indicate Different 
Materials in Elevations aud Sections. 


RantwoRk,—Dark sepia, generally finished with 


jagged edge, 
econ =<tieht Payne's grey, 


Payne's grey or Ink. 

Durarns,—-Thick dark Prussian blue lines. 

Brick work, Klevation: A light mixture of crimson 
lake and Venctian or light red; a distinction is gene- 
rally made between stock bricks and common bricks,— 
the former are generally coloured darker; for blue 
brick apply a second tint of Payne's grey, Section; 
The sume as for elevation, but darker—sometimos 
scored with diagonal lines in crimson lake, 

Sronework,—Aievation ; Light wash of yellow ochre 
or burnt umber; flagging, light wash of Prussian 
blue, Section: Dark Prussian blue dotted with 
Indian ink, or scored with dark Prussian blue; 
Gagging, dark Prussian blue, 

Woopwork.—Llevation: Ordinary joiners’ work, 
light burnt sienna ; baywood, same mixed with crimson 
lake; oak, same mixed with burnt umber: carpon- 
ters’ work and all unwrought timber, light raw 
sienna. Section ; Samo as for elevation, but darkor ; 
generally scored diagonally in addition. 

PLASTERERS’ wonk,—Zievation: Light Payne’sgrey. 
Section; Dark Payne's groy. 

IRONWORK (wrovanT).—Hlevation : Light Prussian 
blue. Section: Dark Prussian blue, 

TRonwork (Cast). —Alevution: Light neutral tint. 
Section: Dark neutral tint. 

PLUMBERS’ WoRK (GLA88).—Zlevation; Neutral tint, 
British ink or Prussian blue. Seotton: Same dark, 

PuuMBERs’ work (Lap),—Zlevation : Light indigo. 
Section: Dark indigo. 

SLATERS' WORK,—Hlevation : Neutral tint or indigo 
slightly mixed with crimson lake. Section: Same 
darker, 

For Surveys.—Jioads: Footways light Puyne's 
grey, roadways light burnt sienna, Water: Light 

Prussian blue with dark border of same, (raga: 
Prussian green. Sand: Indian yellow dotted with 
erimaon lnke. Earthwork :; Dark sepia applied with 
a dry brush, 

Dimension and section lines ; Orimson lake. 

Hot water supply pipes red, cold water supply pipes 


dotted with dark 
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blue, gas pipes indigo and crimson lake mixed ; electrie 
bell wires yellow ; speaking tubes green, 
Large sections are only tinted in outline, 


The ‘ Figuring" of Office Drawings, or Indicating the 
‘} Dimensions” of Various Parts, 

When the colouring has been completed the draw- 

ings must be figured and written to; this constitutes 
the last of the four processes. The figuring of a 
set of drawings is very responsible work, and must be 
done with the utmost care, as even a slight error will 
cause great trouble and expense, and may frequently 
render large quantities of work, such as cast iron and 
joiners’ work, useless ; it cannot be done too much iy 
detail, and should, if possible, be so arranged as to 
check itself; this may be easily effected by means of 
two parallel sets of dimensions variously subdividing 
a given total length or height. Two series of dimen- 
sions are required, vertical] and horizontal ; the former 
should be worked from a fixed point or datum line,— 
in the case of o building this may be a street level or 
some permanent feature in an adjoining building; the 
latter should be arranged, where possible, from centre 
lines or from a permanent base line. 


The Writing” or Titling of Office Drawings, 


No drawing is considered complete until the fol- 
lowing information has been placed on it, either in 
ornamental or plain black lettering, occasionally in 
ordinary writing, If the drawing is one of a@ set 
it must be numbered thus: “Drawing No. 5": this 
is generally placed in the right-hand top corner. A 
general title, uniform for the whole set, must be 
conspicuously printed in large letters in the top 
left-hand corner or in tho centre, thus: “ Proposed 
New Warehouse for Messrs. A. B. & Co,, Victoria 
Street, London.” The scale to which the drawing 
has been prepared must be dated or drawn. Every 
part of the drawing must then be- distinctly described, 
thus: “ Plan of Ground-floor,” “Dining-room,” “Draw- 
ing-room,” “Land belonging to Esq.” Any 
information required to make the drawing perfectly 
clear should be given in a side-note, A plain border- 
line will complete the drawing. 





Great Variety of Drawings required for Building and 
Engineering Works generally, 

The variety of drawings that have to be prepared 
for every building and engineering work is very great: 
in most cases preliminary sketches, surveys of site, 
contract drawings, half-inch or inch details, and full- 
size details, are required. Perspective drawings or 
sketches, though very usefu) and desirable, are fre- 
quently omitted, 
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THE GRAZIER AND CATTLE BREEDER AND 
FEEDER. 
THE TECHNICAL POINTS CONNECTED WITH THE VARIETIES OB 
BREEDS OF CATTLE=-THEIR BREEDING, REARING, FEED- 


ING, AND GENERAL MANAGEMENT FOR THE PRODUCTION 
OF BUTOHERS’ MEAT AND OF Dalry PRopvucs, 


OHAPTER I, 
Introductory, 
WHILE many branches of what has been called our 
national industry are possessed of numerous points of 
great technical interest, and present no inconsiderable 
claims to the attention of the social and political 
economist from the meuns of livelihood they afford 
to a large number of peoplo, they cannot neverthe- 
leas be snid to be of primary importance. And this 
inasmuch as many of them are concerned chiefly 
with the production of objects which, if they do not 
purely minister to luxury, at the best and highest 
add to comfort or pleasure, but in such a modified 
way as regards positive utility that they could be 
dispensed with, without materially interfering either 
with health or what constitutes true comfort, either 
personal or household. They cannot be said to be 
necessary to man’s existence, and have only appeared 
nt stages of his civilization where habits of luxury, 
or the fresh and ever forcible demands of fashion de- 
manded supplies of new objects and contrivances. The 
case is widely different with those branches of natural 
industry which concern themselves with the supply 
of food, clothing and shelter, Those embrace all the 
arts and industries essential to man’s existence, with- 
out the produets of which he could not have obtained 
the physical advantages of what we call comfort, and 
without a sufficiently abundant supply at all times to 
be depended upon, huve made any marked advances 
in an improved and ever-improving civilization. Hence 
itis that to those essential arts and industries the 
closest attention has been paid, and it is in connection 
with them that the highest exercise of man’s in- 
genuity has been displayed, and his most untiring 
energy given to secure their fullest development. 





And of all the wide and varied branches of those . 


three great divisions under which the primary wants 
of man are embraced, and which they have given 
birth to, those connected with the food of man have 
taken the first rank in the estimation of nations 
who have entered upon and have made progress in 
civilization, And of these, as of obvious necessity, the 
work of the farmer has taken the precedence. For 
the leading technical points of this we have to refer 
the reader to the series of papers entitled “ The 
Farmer as a Technical Worker.” 

Increased and Increasing National Importance of the Work of 


the Grasier.—General Statement of the Mode of Treating 
the Bubject of his Labours in the Present Series.of Papers, 


In the proper place, while treating of the practical 
points connected with the food required for the pur- 


poses of grazing, we shall have occasion to point out 
what are the circumstances in practical farming 
which have given such a marked prominence of 
late to the question of cattle farming as contrasted 
with cereal farming or corn growing. We shall then 
detail briefly how far the actual circumstances of 
farming—or of land—aro likely to minister to the 
success or otherwise of the new system so much 
advocated, and which may be expressed in the now 
well-known phrase “Grass land against corn-growing 
land,” and how far this is realised, or controlled 
and modified by the actual condition of our soils, 
Meanwhile wo at once proceed to name some points 
connected with our mode of treating the general 
subject. 

From one point of view this forms an es: ential 
part, and should be considored within the range of, 
the chapters of the paper entitled “Tho Furmer.” 
One of the most important departments of the 
technical work of the farmor is, in truth, that which 
concerns itself with the breeding, the rearing, and 
the fattening of live stock, or, to use the more popular 
aud more generally understood phrase, the domostic 
animals of tho farm. Strictly considered, the phrase 
“live stock” includes horses, but it more froquently 
is understood to mean thoxe animals which are bred, 
reared and fattened for the express purpose of being 
killed to provide animal food for our teeming popula- 
tion, these animals being cuttlo, sheep, und pigs. In 
this view, horses and dairy-cows come under another 
category—although, after serving as producer of milk 
from which butter and cheese are mado, tho dairy- 
cow is usually set aside and fattened and killed, or if 
in good condition killed off at oneo 1o serve as food, 
in the same way as oxen or catilo are killed, Another 
source of food is poultry. This, however, in the usual 
economy of British farming, docs not fori part of 
its work, tho Dritish farmer somehow looking upon 
poultry keeping, as this department is culled, as a 
work altogether benenth the dignity of his calling. 
What is done, therefore, in the way of providing for 
the wants of our population in the mutter of egga 
and poultry for the table, so fur as woe ourselves as 
producers are concerned, is left almost wholly to the 
chance work of those who farm in » very small way, 
and to the large number of cottagers, and those 
resident in or near the neighbourhood of large towns, 
who take more to poultry keeping ns a fancy or 
hobby, than as a means of livelihood, or tho in- 
creasing of their income. Tho farmer, as a general 
rule, keeps but a small flock of poultry, to which he 
pays no attention, leaving them to be looked after hy 
the female part of his household, or if neglected by 
them, leaving them to look after themselves. As a 
rule, our people are supplied from the Continent with 
the great majority of the vast number of eggs they 


consume ; poultry keeping being there considered as 
an art, to which great attention is paid, even by many 
farmers who farm on « large scale, And this inas- 
much as, with really greater practical business prudence 
than is possessed by farmers here in this connection, 
they see that poultry keeping is a large source of 
income, and can, if properly attended to, be made to 
pay as well as any other department of live stock. 
Although at present a prejudice exists in the minds 
of British farmers against the keeping of poultry, 
we are of those who believe that as juster and more 
accurate views obtain as to what really are the 
general principles regulating the supply of food for 
our increased and ever increasing population, this 
_ department will take that place in the regular work 
of many farms which the merely pecuniary intoresta 
connected with it demand and justify, but which place 
is not now accorded to it, Whether this is likely to 
be the case or not--and its truth will assuredly be 
disputed by many—it is, to put the matter in a 
somewhat practical way, worth some degree of national 
effort, to produce ourselves by one plan or another 
those large supplies of eggs and poultry for which at 
present we are compelled to go abroad, and as a con- 
sequence send there large amounts of money to pay 
for them, Wo believe that one of the benefits which 
will ultimately spring from the adverse circumstances 
under which British farming has of late years been 
placed will be a strong conviction in the minds of 
those engaged in it as a technical calling, that its 
pecuniary interests will best be served by tnking 
advantage of every source of income connected more 
or less directly with the land. And in this acting on 
the truth of the general principle, that each depart- 
ment will pay, but however can only pay when the 
closest attention, and the most advanced practice is 
given to it. Jt is in vain to expect good resulta 
when care ia not given to work, There is no sound 
reason why we should send yoarly out of the country 
large sums of money to purchase articles of food 
which we can, if we choose, produce ourselves, and 
we venture to say produce as well and with as 
large a profit if only we pay attention to it, 
Beyond all question, our farmers have lost sources 
of income simply through lack of care in keeping 
them, or through prejudices against them as vague 
aa they are unfortunately potent in the way of 
practical evil. 

We shall consider, therefore, the work of the grazier 
under this important section in its most extended 
gense, as a provider of animal food for the people. It 
will thus in our pages be connected with the three 
classes of farm live stock—namely, first, “ Meat 
Produce," including in this, aa its chief sources, 
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cattle ‘or fattening oxen, sheep, and pigs; second, 

“Dairy Produce,” including the care of dairy-cows 

and, as a practical offshoot, the making of butter and 

cheese; and third and Jast, “Poultry Produce,” in- 

cluding the care of fowls, ducks, geese and turkeys. 

Bome Considerations bearing on the Business of Grasing as 
generally defined in our Title; as Different from that of 
Ordinary Farming or General Husbandry. 

Looking, then, at this important department of farm 
work from the above point of view, it would seem at 
first sight that its details fall to be considered wholly 
within the range of the papers specially devoted to the 
work of the farmer. The great number of the details 
which come under the departments of farming, other 
than that of live stock, makes of necessity the series of 
papers specially devoted to them a very long one. But 
apart from this fact, there is this very practical point 
to be looked at, and which makes the severance of 
the work of the grazier and cattle breeder from that 
of the farmer purely as such, something more than a 
matter of convenience as dividing the general subject 
into two great hoeads—ench of which will have a dis- 
tinct place of its own within the scope of our pages— 
makes it, in fact, a very natural anda practical division 
or classification, The point here alluded to is this. 
In the earlier stages of the practice of farming—and 
not to go too far back, we may confine those to a 
period in our national history not much over, if indeed 
quite up to a hundred yconrs ngo—the farmer in- 
eluded within the range of his work evory department. 
He not only cultivated tho different crops then within 
his reach ; he had grass lands for meadows, and fields 
for pasture; he bred, reared und fed livo stock for the 
butcher, as fattening cattle, sheep and pigs, or was a 
grazier. He bred and reared his own horses, and 
his dairy-cows, and the produce of the latter he 
mado into butter and cheese, or sold the milk, and was 
thus a dairyman; and if he did not take up the 
breeding and rearing of poultry for the table and for 
egg production, he always bred and kept more than 
enough for his own wanta, so that as a rule he sup- 
plied his neighbours, And all this at a period in our 
history when transport of materials from a distance 
was both so difficult and so dear that the supplies 
from foreign sources upon which we now chiefly 
depend were not at the command of the people. This 
style of farming is still practised, and is now known 
as “mixed husbandry,” but it is practised only to a 
limited extent, and is entirely controlled by circum- 
stances of oil, climate, and locality; for it is not 
every place where the system can be carried out, 
But as our population increased, and with it the wealth 
which increasing prosperity brought with it, the de- 
mand for all kinds of farm produce increased also. 


A DIOTIONARY 


THE LEADING TEOHNIOAL AND TRADE TERMS 


OF 


AROHITECTURAL DESIGN AND BUILDING CONSTRUCTION, 


BEING PRACTICAL DESCRIPTIONS, WITH TECHNICAL DETAILS, OF THE DIFFERENT 
DEPARTMENTS OONNECTED WITH THE VARIOUS SUBJECTS: 
WITH DERIVATIONS OF AND FRENCH AND GERMAN EQUIVALENTS 


ABBERVIATIONA EMPLOYED THROUGHOUT THE Drorrionany.—Der, for “ Derivation 
Gr, for "Greek", O. 2, for “Old Binglish 


“Gorman”; Lat. for “Latin” ; 


FOR THE VARIOUS TERMS, 





»”’ or the Linguistic Root of the Term; Fy, for French"; Ger, for 
or Anglo-Razon’’ ; 


Zing, Pron, for “English Pronunciation”; Syn, 


for “ Synonyas,” or Equivalents in French or German, or in both; Pron. “ Approximative Pronunciation, 


ab 
Abacus, in Architecture. The final or 
uppermost membcr of the capital of a 

umn in one of the orders of architecture, 
on whieh in Olasslcal architecture the 
Entablature Sle oe) reste, or in Gothic 
architecture from which the Arches (which 
eee) spring, In Qlasuical architcoture, or 
what are called the Five Orders of architce- 
ture, the abacus is, in the Doric and Tuscan, 
a flat stone or tile, square in outline, 
with edges elther plain or ornamented 
with mouldings. In the Ionic, Oorinthian, 
and Composite Orders the abacus is square, 
but with each side hollowed out to a circular 
ourvé, and the corners cut off or truncated. 
In Gothie architecture the major portion of 
the capital being made up of follage or orna- 
ment, the abacus is the only part which 
admits of mouldings being displayed. The 
form or outline aeroraly determines the 
Gothic stylo or date of the capital, In 
the Norman it ia wquare or plain, with the 
lower part chamfered (which see). In the 
Early English it is chiefly clroular in 
plan; in the Decorated style it is either 
aquare, set diagonally, or circular, often 
octagonal, In the Perpendicular etyle the 
abacus is sometimes circular, but most 
frequently octagonal in plan. Eng, pron. 
abbey-kuas orah-bay-kuss, Syn. Fr. Abaque, 
or Jatllcir—pron. ah-baack, tah-ce-oh-car or 
~eexy—literally “a trencher” or “plate,” and 
this from tatiler—pron, tah-ce-eh—to cut, 
carve, or dress; Ger. Abacus or Capitial- 
platte, or Platte einer Sdule—pron. ah-buck- 
ns, kap-ee-tal-plattay or -plattch, platteh 
iner sow-lay. 

Abattoir. <A separate or detached build- 
ing set apart for the slaughtering of animuls 
designed to serve as butchers’ meat, with 
‘ conveniences and appliances. Eng. 
pron, same as the French; vu a ay be as 
ab-bat-ore or ab-hatt-war. n, Fr, Abattoir 
—pron, ab-bah-twar or -tuah. Der, From 
the French verb battre, to strike or beat 
down, and this from the Latin batuo,I strike 
or beat down; Gor. das Schlachthaus—pron. 
sbisgninouse— the ch or gh with the gut- 
t sound (see Dissertation), hau pron, as 
between our word house and the Ger. Haus ; 
from schlachten, to slaughter. 

Abrevoir, in Masonry, The junction or 
uncture of the faces of two etoncs, the 
nterstice between which is to be filled with 
maortar, 

Abutment, in Masonry, The walla or 
piers at each side of an arched opening from 
which the arch springs and is supported, 
or upon which the ends of the arch abut. 
Byn, Br. Arc boutant, or Arc boutant culde or 

, OF Aboutissement—pron. ark-boo-tangt 
(ag pron, nasally), kne-lay, buh-tay—ab-bu- 


joint, and of the other member 





A 


tease-nangh. Are boulant moana the ending 
of an arch—from bout, the end. Culde moans 
wluo an abutment—from culer, to 
). Buttve means abutment, 
rockenkonf, or Anstogs, or 


o astern (koo-la 
yn. Ger, der 
Strebenfeiler-—pron, brocken-kopf, ann-stous, 
Btray-beliefiler. Brockenkop/, from Brocken, 
a frugment, and Xop/', the head, f.e. tho hend- 
peer: Anstoss has curious derivation— 
rom anatossen (Ann-stose-nin), to pues on or 
agalnat, to stumble on—that is, the Anatoss 
ix the stone which the entublatura above 
it pushes ugninat. Strebepfeiler ia from 
Strebe (atray-bay), a prop, a stay, a bnt- 
tress, and this from streben (strny-beun), to 
struggle against or contend with. //etler 
is a pillar or pier, and this from p/eilern 
(file-uirn), to provide or furnish with pliers or 
pillars. Another German synonym for abut- 
mocnt is Kadmpyfer—pron. komp-ferr—which 
lias a curious dorivation, like Anstoss above 
named. Tho word means a fighter or com- 
batant—from Kampf (kamff), a struggle, a 
combat—t.¢. the stone which fights against 
the weight or pressure of tho entablature, 
ita Aaah plece. Another German ryno- 
nym is Widerlager—pron, vee-de''r-lag-urr— 
from wider, againat or in opposition to, and 
Lager, a bed, a couch, and this from lagern 
(lah-gairn or -gern—g hard), to lay down, 
to found, er, The verb abut, to terminats, 
border, or meet, is from the French abouttir 
to border on, to end, and this from a, at, and 
bout, the ond or extremity of an object. 

Abutting Joint, in Carpentry. The junc: 
tion of two picces of wood or members of 
an assemblage of timbers or framing, In 
this joint the fibres arc, or the a) dpe of the 
one picce is, erpendicular to the fuce of the 
arallal to 
the joint. (See puper in text entitled “The 
Oarpenter” for illustrations. ) 

Acanthus, in Architecture, A plant the 
leaves of which treated in o conventional 
manner form the Shae opm feature of 
the capital of tho Corinthian and Composite 
Ordera in Clasuleal architecture, The 
acanthus is the basis of o wide variety of 
ornamental forms used in the decoration of 
objects in art manufactures, (Soc pupers in 
the text entitled “The Ornamental Draughta- 
man,” and “Form and Colour in Industrial 
Decoration.”) Ayn, Fr. Acanthe—pron. ab- 
kanth ; Gor, Bérenklau, which ia the German 
equivalent of the English name of the acan- 
thus plant--Bear's Breech, or “the breech of 
the bear "—pron. bar-en-klow (from dr, & 
bear, and X/au, a claw or clutch, The plant 
is also known as the Brank Urainc. 

Accouplement, in Carpentry. A brace or 
strut in a truss or tie-beam. The term is 
purely French, and means a coupling—pron. 
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al-coopluemung. The English pronunciation 
should be tho same, but itis generally given 
an ah-koopel-ment, The term Accoupled 
(Eng. pron. uh-koopeld) has for {ts French 
aynonym Gemind (pron. ghay-moenay), which 
hag # curious derivation, ng the word menns 
iterated or repeated, and this from’ gemeaus 
(jliny-moh), and Lat. gemini, the twins, that 
is, for example, two coupled or twin beans, 
he sume idew is conveyed in the Gurnnan 
pane which in Zutllingspaarig (from 
Ainilling, twins or two, and faar, a pair 
The root of the term Accouplement ia the 
verb acoonpler (ah-koop-lay), to tie together, 
to pair or to couple, 

Acroteria, in Architecture, Binal podos- 
tila for busts or statues placed in pudimenta 
ul the apex or point of moeting of the 
angular pides, or at tho corners or lower part 
of the pediment. Syn, Fr, Acrotéres—pron. 
uh-kro-tares; Ger, (liehelsinnen—pron, pee- 
bel-tain-snen, Ler, Giebel, a gablo, triangular 
will or pediment, and Zinne (zin-nay), a 
pinnacle, 

Adhesion, in Building Construction, 
Meuns the result, of joining two sepurate 
pieces of material of the same or ditforent 
churacter by means of a third material, aa 
uw cement, 4 glue, or a mortar, lt nluo 
includes the connection muintulned by a 
body, na a pin or nail driven into timber 
Tho Hrinelje of adhesion in of apccial value 
to the joiner and cabinet maker in gluing 
the pluces of their work together. It lies alao 
at the base of all work in which cements 
and mortars are used in masonry, and pins 
and nails in carpentry. Sume idew of the 
adhesive ii of an {ron nail driven into 
wood may be had, when we state that ona 
driven into dry oak to the dapth of two 
inchea will require 4 force of half a tou to 

ull it out, The adhesion of naila to wood 

a much influenced by the relation the nail 
has to the fibres of the wood. If a nail 
driven into elm reaulrea 4 force of 260 lb. to 
pull it out when driven endwayi—that is, 
parallel to the fAlbrea—it will require u force 
of $80 lb, to pull it out if driven sideways or 
at right angles to the fibres, If two piecus 
of wood are well sige topother with ordinary 
glue, the adhesive force, being reckoned 
at 700 1b, to the square inch, is often much 

reater than the cohesive force of the wood 

tuelf, taken at 6601b., so thut the wood 
may give way at its solid part before it gives 
way atthe joint, Jer. Yrom the Latin word 
adhereo, and this from ad, to, and harere, to 
atick-to atick to, Syn. ir, AdAédsion—pron. 
add-haze-ce-ong (from adheérer [add-herr-eh J, 
to adhere); Ger, Anhaften—pron, ann-huf 
tane, to atick to (from ania/en, to grapple 
with, to clasp). 


Adjust, in Conatruction, To place one 
plece in relation to another, s0 that when 
secured together ay will lie in proper 
position. When two flat surfaces are to be 
adjusted they muat be made perfectly true 
and ‘just "—as the technical term is, which 
is simply an abbreviation of the word adjust 
«so that no rocking or riding movement 
can tako place between the eee but the 
pressure will be equally distributed over the 
whole of the surfaces. The technical term 
“ justifying" work ia the act of making tho 
pieces true and “just.” Der, From the Latin 
ad, to, and justus, right, true, correct, Syn, 
Fr. Ajuster=—pron, ah-jooze-tay, to adjuat or 
fit together (ajustaye—pron. ab-jooze-tajgh, 
is the act of adjusting); Gor. Bertchten— 

ron, bay-reogh guttural nonnd) -ten (Aicht 

reeght], right), to make right or correct. 

Adge, in Carpentry. A tool bent or curved 
in face, with sharp cutting edge, fixed at 
right angles to the handle and at ita lower 
extremity, ao that the edge is towards the 
workman, who moves backward as the 
operation proceeds. Jt is used for roughing 
of or renderlug plicsent flat and smooth 
the surfaces of loys or bulka or large tlubers. 

yo, Fr, Lferminette—pron. herr-me-nctt ; 

Ger, die Krummhaue—pron, deo croom-how- 

eb (&rtimm, crooked, bent or curved, from 
the verb éArimmen [crem-en], to bend, and 
Haue, a hoa, u mattock, from hqauen, [how-enn 
or-ano], to hew, to out, to chop or chip, as an 
adze docs), 

Agrocment, or Contract, A document 
containing the terms of an arrangement or 
bargain relative to the purchuse of land for 
tho site of a building, proliminary to the 
regular Deada, or as to work of any kind to 
be done, Der, From the Brenoh vorb agréer 
—pron. ah-gree-ch, to be in accord, of one 
mind, and thie from gré—pron, gray, will, 
liking, accord; hence tho phrase bon gr, 
mal gre, equivalont to our phrase “ will yo, 
nill ye,” i.e. whether you will or like it or 
no, Syn. Fr. Convention or Jacte—pron. 
konge or kon-vahn-sco-ong, ber Gior, 
Vertrag—pron, fare-trahg, aud derived from 
tragen, to carry, to bear, 

gaille, in Architecture, A French term 
sometimes used in place of its English 
synonym Pinnacle (which seo for deriva- 
t aa This term ia used chiefly in relation 
to Gothic architecturc, and denotce the 
portee termination to ccrtain purts, as 
uttresses. {They are in the Decorated style 
specially beautiful os rogards the ornamonta- 
tion, Jor examples see the supplementary 
aheets of Ton TECHNICAL JOURNAL in the 
Architecture and Building series, The term 
Aiguille is simply the French word aiguille, 
a needle—pron, ah-gweel, 

Alsle, in Architecture, The sido divlaions 
or bays of a church, as distinguished from 
the body, nave, or contral part. The term is 
derived from the French word at/e, a win 
—pron, ali-il, or somewhat like our wor 
isle, which is nearly the English pronuncia= 
tlon of the word aslo. Syn, Fr, le Bas-cotd 
—pron, bah-cot-tay (from das, low, and cotd, 
» side); alao the word Ails as above; Gor, 
Seitenschif’ — pron, szite-enn-sheeff — from 
Seite talaga waide or flank, and Schy/, a 
nave (also o ship). 

Alcove, in Architecture, A recessed part 
io & building or room, or in garden buildings, 
In Continental countries, where the alcove 
forms part of & room as affording a recess for 
a bed or couch, it is sepurated from the maln 
apartment by pillara or pilasters, termed an 

srade—pron, eh-strahd. Syn, Fr. Alnove 
— pron. all-kove; Ger, Alkoven — pron, 
all-kove-en. 

Alto Mellevo, in Sculptured Work in 
Architecture, or Art Decoration, Figures 
out or carved so high aa to appear very 
nearly detached from the surface or base. 
Hing. pron. all-too ray-leey-oh. When the 
valet or projection fs just linlf the depth or 
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height of figure, the term used is Messo- 
velievo, meaning middle relief—pron. med- 
dzo-ray-lcev-oh. When it is less than half 
its full projection, the relief {a termed Basso- 
relievo, meanin low rellef—pron, baé-soh- 
ray-leav-oh, Ryn. Fr, Rondebosse—pron, 
rongd-boss—from ronde, round, dossé; a knob, 
a lump; Ger. Hochrelie/—pron. hogh (the 
ffuttural sound of ch) -ray-loaf (ooh, high). 

Angels, in Architecture. rackets or 
Corbels (which gee) finished with the heads 
and necks of angela. They are chiefly used 
in Gothic or Pointed architecture. 

Angle Bar, in Carpentry. The window 
bar at the corner of a projecting window, 
(See ‘The Joiner” in text, ) 

Angle Float, in Plastering. A tool termed 
a “float” (which see), made to suit the 
inalde angle formed by the meeting of the 
two aides of o room, to work the surface of 
the plastoring. 

Angle fron, in Iron Work for Roofs 
Bridges, etc, Bars of wrought iron rol od 
f0 a8 to have their two sides at right angles 
to each other, thus: L. (Seo “The Iron 
Worker in Roofs and Bridges” in the text. ) 
Syn. Fr. Fer @ corni¢repron. fair ah korn- 
cceair (er, Lron, corntére, a gutter or corner 
plite=from coraier [korn-ee-eh], a corner) ; 
Ger, Winkelvisen—pron. vin-kel-lze-en (from 
a corner, angle, and Fitsen [ize-enn], 
1roy ). 

Angle Rafter, in Carpentry, Otherwise 
termed a “hiprafter,” belng the raftors placed 
at the cornors of a building which ts covered 
with a hipped roof or truss, of which the 
ends have the same inalination or angle of 
slopo on the siden, (Seo the chapter on 
roofa in “'l'bo Carpenter” in text.) 

Annulet, in Architecture, A narrow 
moulding, square or flat on face, used to 
separate other mouldings. The narrow and 
flat or squared face moulding, or part 
wepirating the flutings or hollowed-out 
parts in columns or pillars, or in pilasters, 
are also called annulets, The word is 
directly derlved from the Latin annulus, a 
ring. Syn, Fr. Annelet—pron, ann-lay ; 
annelet, @ little ring, from anncler (unn-lay), 
to curl or twist round ; Ger, Jinyelchen— 

ron, ringolechon, a ringlot—from ringeln, 
o curl or bend round, to ring, 

Antes, in Architecture, Flut pillars, other- 
wine termed “pilasters,” projecting from 
awall, Syn. Fr. Antes, or Pi asires—pron. 
on-taes, pea-lasatz; Ger. Anten—pron, an- 
tane or -tonn. 

Ante.chamber, in Architecture, 
domestic architecture usually termed an 
ante-room——u small room attached to, or 
connected with, a larger apartment, entered 
cither before or from the large room, as 
the ante-room of a drawing-room. Syn, 
Fr. Antichambre—prou, aunt-eli- or aunty- 
shawmeberr; Ger, das Vorsimmer (rer, 
hefore, Zimmer, chamber) — pron. fore- 
tzeem-crr ; also das Lintritteimmer (Eintritt, 
cntry, entrance)=-pron. ine-trit-zim-err, 

Antiseptic, in Materials, A substance 
Benerally liquid, or used as a paint, em- 
ployed to preserve timber, cte. Mer. From 
two Greek words—anti, against, and septt- 
hor, decay or putridity. Hug, pron. anty- 
sepp (not akepp, vulg,) -tick, Syn. Fr, 
Agent antiputride or -septique—pron, ajz- or 
awj-ang antee-puuh-treed or -sepp-tecok, 
an anti-putrid or antiseptic agent.; Ger. 
Fdulnisswidrig—pron, foil-niss-veo-dreeg— 
from Faulnies, rottcnness, widrig, repugnant 
or adverse to—literally “a substance oppo- 
sing putridity,” 

Apart, in Construction, A term uacd to 
denote the distance between two pieccs, aa 
two beams or walls, and is equivalent to 
the expreasion “the distance or length in the 
clear or inside dimensions,” Syn, Fr. Dans 
(within), Guvre (work)—pron, dangs-cov 
or dang-20ove-uh, or dangz-oovh-er; Ger, 
Innerlich (internal) tm (contr. for in dem, in 
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the), Gebdude (building or edifice)—pron, 
pe Ah im geh-boy-deh, 

Apartment in Basement, Collar, or Under- 
round, In some parts called the “cellar 
itehen.” Syn. Fr, Tellier—pron, tell-ee-eb ; 
Ger, Unterirdisches Gemach (from unter, 
under, irdisch, earthly, and Gemach, a 
room or chamber)—pron, oon-tare-ee - 
shess gay-magh. ; 

Apartment, in Domestic Architecture. A 
room or chamber in the house, as distin- 

hing one room from another—literally 

a placeset apart,” Syn, Fr, Appartemenit— 
pron, ah-part-mang; also Chambre—pron. 
shawm-ber; also Pitce—pron. peée-ace: 
Gor. das Jimmer — pron. tzim-arr; also 
die Stule—pron. stoo-beh; also die Kammer 
(a chamber)—-pron. kuahm-merr. 

Aperture of a Door, in Architecture. 
Otherwisecalled a door void, oropening. The 
apace left in the wall of a house in which 
the door-frame iy fitted, Ayn. Fr. Jour de 
porte (from jour, aday, figuratively “a holo 
showing daylight,” and porte, \ door or gatc- 
way)—pron, joohr, or zhoor-deh-pobrt Ger. 
die Thirdjnung (Thir, a door, O«fnung, 
opening’)—prou, tuh-eff-noong. 

Aperture of a Window, otherwise called 
a Window Void, or Opening. The opening 
left in a wall into which the cascment or 
window-Irame is to be fitted. Ayn, Fr. 
Bail (bay) de croisde (casoment)—-pron, 
bahl-deh krwah-say; er, die Fanster 
(window) Oefnung (oponing)—pron, fen- 
stare eff-niung. 

Apex, o/ a Gable. The upper or highest 
point. The term is purely Latin, moaning 
the top, upper part, or summit of any 
object. Eng. pron, eh-pex, not ah- or swo- 
pakes, Byn. Fr, Sommet (the summit) de 
Pignon (gable)—pron. som-may deh pee. 
nyong, or peen-yong; Ger, der Schettel 
(top or crown) der Giebel (gablc)—pron, 
shi-tel, derr gee-bell. 

Apiary, tn Garden Architecture, (See 
The Garden Architect” in text.) A house, 
or ruther a covered stand or shed, for the re- 
ception of the hives of beos and their shelter 
from the weather, Der, Latin apiarium, 
and this from apis,a beo, Syn. Fr. Rucker 
(from rucke [pron. roosh], a hive)—pron. 
roushay; Gor. der Bienenstand (tienen, o 
bee, Stand, a station or position)—pron, 
hee-nen-stundt ; also das Bienenkaus—pron. 
bee-non-howas, 

Apophygee, in Mouldings, The curve— 
frequently the quadrant of w circle, though 
may be & lesser arc—which joins the 
bottom or loweat part of a column or shaft 
of an “order” or of a Piluster (which ses), 
with the uppermost member of the base—or 
phe the curve joining the top of a 
shaft with the lowest membor of tho cupital. 
1t is sometimes, though not generally, known 
ulso as the “acape” of a shaft, column, 
peer, or pilnater. Syn, Fr. Congé—pron, 

ohn-gjny; Ger, Anfauf/—prou. ann-lowt, 
Ung. pron, ab-poll-ve-gea (g soft). 
pproach, in laying out houso sites and 
grounds, The road or walk leading from a 
mublic or private road to the house, Der. 
rom the French vorb approcher (app-ro- 
shay), to bring or come near to, and this 
from proche (prohsh), near to. Syn. Fr, 
Abord—pron, ab-bore, approach, access to, 
landing, and this from adorder (ah-bore- 
day), to come neur to; Ger, Zugang—pron, 
tz00-gang, on avenue, an approach from 
Gang, a walk or paasuge), 

Apron Lining, in Joinery, The boarding 
generally panelled, which covers the end 
of the steps supported by the carriages 
otherwise known as the string-board, Syn, 
Fr, Kevétement (clething or covering)’ de 
Limon Acartiage of a stuir)—pron. ray-voatt- 
mang day lee-mong; Ger. die Beschalung 

from beschalen, to cover with a shell, from 

ohale, a shell), or der Treppendalben (from 
Treppe, a atep, and Balken, a» beam, é,4, the 


carriage for the steps) —- pron, dee beb- 
shawl-oong, derr trep-pen-ball-ken, 

Apee, in Architecture. The name given to 
the ronnded form, generally semicircular, 


by which the aisies or the choir ofa church J 


are terminated. This feature is a peculiarly 
foreign or Continental one. Oburches in 
France and Germany, and in many parts of 
Italy, arc met with in almost every district, 
displaying it. In England {it is met with 
chiefly in chnrohes built in the Norman 
atyle, of which it may he said to be a pecu- 
liarity. The term apse is alao applied to 
all projecting parts firing reccases oT 
chapels at the sides of the transepte, cte, 
BEng. pron. apps. Syn. Fr, Chevet—pron. 
whay-vay, or Rond-point — pron. rougd- 

wang; Gor, Baseliken—pron. bih-accl-ee- 

enn, 80 called from this being a featuro of 
the early churohes, cliianged from the Roman 
basilicas or halls of justice. 

Aquodnet, in Architecture, A wator-way 
or channel, cithor open or subterranenn, or 
aupported on embaukments or arches. Der, 
From tho Latin aqua, water, and duco, I 
lead, bring forward, or conduct—literally 
“a water leader or condnotor.” Jing. pron, 
ab-qweh-duct. Syn. Fr. Agueduc—pron. 
acke orakk-dook (00 almost us in food). In 
German the word is spelt precisely as with 
udepron, ak-kuy-dookt; but Wasxerlettun 
is very frequently, if not usual) omplored, 
meaning lilerully “water leading, 
letten, to load or guide—pron, lite-enn, 

Arabesque, in Architecture and in Orna- 
mental Design. That specics or satylo of 
ornament used for tho decoration of fint 
surfaces, as walls, in architectural work, 
and which is based upon natural forms, 
such as the branchlets of trees or shrubs, 
folinge, flowers, and fruit, but all treated in 
a perfectly conventional manner, Allanimal 
forms and figures, or thut which has lifo, 
are rigidly excluded from all the ornu- 
mentation of the srapendue style, (Sco the 

apera in tho text of THs TEvRNIcaL 
OTRNAL under the title “The Ornamental 
Draughteman," and “Form ond Colour in 
the Decoration of Industrial Work.”) Hng. 
ron, ah-rulsbesk. Syn, Wr. Arabesque ; 
er, Arabeskepron. aheruh-bera-keh, Tor 
the foatures of the Arabian architecture or 
building, sec Moresquo: the atyle ia also 
known as the Saracenic or Mooriuh, 

Arbour, in Garden Architecture. (See 
“Tho Garden Architect” in text,) A struc: 
ture, generally of rustic woodwork, erected 
in part of the grouuds or garden of a house, 
to serve aga retreat ln summor-time ; hence 
called & asummer-house. On the Continent 
the name Aiosk is generally given to the 
structure; it is there made highly orna- 
montal, genorally with * out wood” work, 
For this species of carpentry and olnery 


from 


gea the paper on “Ornamental Woodwork 
in text; and for rustic woodwork sec “ The 
Garden Architcot,” uud Supplemental sheets 
Mustratiag Garden Building, ete. A seat 
under a tree, and surrounded and pare 
shaded with shrubs, is sometimes called an 
arbour. Der, Lat n arbor, s seat under a tree, 
Syn. Fr. Berceau (a bower)—pron. bare-soli, 

uriously enough, this word also means a 
cradle—that is, an inclosed space. Ger, der 
Laubenbogengang ee Laube, » bower, and 
thia from Laub, follaye, covert; Bogen, bow 
or arch, and Gang, walk or courst)—=pron. 
lugh-benn-bogh-enn-gang.  Thia is a fair 
example of the compounded German words 
alluded to in the Diusertation, althongh 
there aro many vaetly longer than this, 
Obviously the mere term would be to the 
reader ignorant of German a meaniugless 
array of letters, unless we analysed it or 
Separated its party and gave their meaning. 
(Bee Trellis Work.) 

Arcade, in Architecture, This term de- 
notes an arrangement of arches in line 
Wapported by columns or pillars, che bpaces 
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between which may be open, or the back of 
the columns may be filled in with masonry, 
In the latter case the arcade is a method 
of ornamenting walls, ay those of churches, 
n common language, an arcade meana a 
street or passage covered or arched in with 
& glass-lighted roof. Syn, Fr Arcade— 
pron, are-kad; Ger, pavenrong pion. boh- 
gonn-gang — ‘from Bogen, a building, and 
Gany, a walk, passage, or gallery, 

Arch, in Masonry and jricela ing, The 
arrungement of stones or bricks thrown 
over an opening ina wall, or spanning the 
apace between two plors or columna, and by 
which the weight eed above thearch and 
the pressuro of the arch itself is thrown 
upon the side piers or columna, terined 
technically ubutments, The inner or concave 
pide of the arch is termed its “intrados”; 
the outer or convex, the “extrados,” The 
stones forming the arch are cut wedge- 
Bhapad; tho central stone of the arch is 
called the “keystone,” and the wedge- 
shaped blocks on elther side are termed 
“voussoirs,” The flrat of the elde atonos or 
voussoirs from which tho arah eprluge, or 
those lying on tho top course of picra or 
columns, are termed the ‘‘springors.” The 
width between the piers or abutments is 
called the “span” of tho arch, and is 
measured on @ horizontal line, called the 
springing line, supposed to be strotched 
from one abutment to the other. What is 
enlled the “riae” of the arch ia the vartical 
distance monsured from the centre of the 
“sprin ging line” to the under side of the kvy- 
stove, ‘The highest part of the arch is 
cnlled its “ crown,” sometimos {ty “ vortex.” 
The purts of the building or walla behind 
the oxtrados or outaide of the arch, which 
fill up the space between the uabutmente und 
the linc of “crown” of arch, aro oulled tho 
‘Chaunchos,” The intrados, or inner or con- 
cave ourve of tho arch, is gencrally known 
us tho “soft.” All the above terme will 
be found described in duc alphabetical 
order. Arches aro of different forma, and 
vary from the simplest of all, the somi- 
eircular or half-round, to the segmental one, 
and the different kinds of 
Gothic architecture, er, The word comes 
froin the Latin arcus,a bow, Syn. Fr. Are 
arche; Gur, Bogen, (Tor different forma of 
archea, sca ‘ The Stono Magon” in text, ) 

Arch-butment, sn Masonry. Struts or 
supports with arched arraugement which 
spring from the buttresses of ulsles in a 
chiar in the Pointed or Gothio atyle, and 
resting against tho walls ubove, os those of 
the clerestory—tho purpose belng to relieve 
the direct or continual outsido pressure 
of the central vaulting. The arrangement 
{s otherwise termed a “ flying buttress.” (Sac 
illustration in Supplement, '' Ilustrations of 
Architecture and Building.”) Syn. Fr. Aro 
buutant —pron, ark-boo-tang ; Ger. Steigender 
Bogen—prou, stige-en-derr boh-genu (stei- 
gender from steiyen — prou, stige-enn, to 
ascend or step up). . 

Arch, Gauged, in Bricklaying. An arch 
in which the bricks radiate from a common 
centre, Syn. Fr. Voite jaugde—prou. voot- 
or vut-job-jnay from jauge (jhogo or 
jozeh), u gauge or measure, and this from 
the verb jauger, to gauge (sho-wiay). 

Arch, Inverted, in Masonry and Brick: 
laying, Used in foundation work to dis- 
tribute and relleve the pressure between 
two opposite walls. As its name imports, 
it {a an urch reversed or turned upside down, 
tho concave surface or intradon being the 
upper ride nearest the surface, the extrados 
or convex aurfuce being neat to and resting 
on the ground or foundation soil, Der. 
From the Latin taverto, 1 turn upside-down, 
and this from in and versus, against. Syn, 
Br, Arcrenversé, or Radier—pron. ark rang: 
verr-say, rahedue-aye Knennete poe TALES 
vairse—turncd on one’s buck, backwards, 


3 


ointed arches in If 


ar 


and this from renverser [rang-varo-any], to 
turn back, to invert); Cane fier hed 
Bogen — pron. oomegeh-kayr-terr bo-gen 
(wapsbenrs, inverae, inverted, and Bogen, an 
arch), 

Architect, in Building. The profession 
which undertakes the designing or plunning 
of all buildings, the preparation of the 
working drawings, the specifications of, 
and the general superintendence of the 
work to bo done. Syn. Fr. Architecte= pron, 
ar-shoe-tukt ; Ger, Haumeister—pron, bough- 
mico-terr sai n building, and Metater, o 
papa terully “head or master of the 
works in building,” 

Architrave, (2 Architecture, That meam- 
ber of tho ontablatura of an “order” or 
“style” which rests on tho Abacus (which 
aco) or npporioat momber of the capitul, 
The term Is also applied to the moulding, 
which is sometimes carried round or at- 
tached to the onter fneo of an arched 
opening, Eng, pron. ark-ve, not arechoo, 

Architrave, in Juinery, Tho moulding, 
more or loss ornale (aco. the paper in the 
text entitled “Torm and Colour in Industrial 
Decoration” for the various kinds of Mould. 
ings), which is carried round the sides und 
top of window or door openings, apertures, 
or voida, Byn, Fr, Architrave—pron, aresheo- 
trahv; Ger. Unterbalken, Haupthalken— 
pron, oon- or uun-tare-bulil-kon, Inuhpt- 
or hownpt-bahl-ken (unfer—oon-terr or -tarc, 
under, and Salken, a beam, Haupt, head 
or top)—literally'“ the hend or top beam.” 

Archivolt, in Afmsonry, is wlmost aynony- 
mous with tho intrudos or soffit of wi arch 
(wee Arch), a4 ib manne the interior or concave 
curved aurface of an urcl as measured from 
one pier or abutment or impost to the other, 
Where this surface ia not plain—in whieh 
qasc the term soflit is applicable—but is 
broken wp by projecting purta, giving tho 
Appcarnnee of a number or cluster of archus 
one within the other—the term ja inore 
Btrietly applicable, And this fentura of 
arches is # very noticonbl: one in Pointed or 
Gothic archit-cture, in which they are some- 
times dlétiuguishad by the title “ recessed.” 
the genoral arch ia broken inte two 
divisions, it in said to boa double recessed 
urch, and soon, Der. Probably from voler 
(volelay), to fly—a flying: arch, Syn. Ir, 
Archivelte—prou, ureshee-volilt ; Ger, (Unter- 
dugen—pron, oohns or voneterr-boh-gon— 
literally “the under arch,” 

Arch, Oblique, or on the Skew, ta 
Rrichlaying or Masonry, To this the line 
of face of arch is oblique, or at an angle 
to the line of archway, ad when a railway 
croxaea ww public road at an angle not o 
right angle. Der. ail eh from the Latin 
obl ign slanting, Icaning to one sides 
“Skew,” meaning the same, from the Gr. 
shaios, on the Icit—thut is, not right—and 
this from the verb skvae, I dimp or halt. 
Syn. Fr. Arede biaiy—pron.ark de beveny-cé 
(Diais, aalope, aslant, from hidigement-—pron, 
bee-uizesmong, @ aloping direction); Gor. 
Schiafbogen — pron, shorfeboegen (achinf, 
sloping, from Schiefe— pron, ghwe-feh, 
obliquity). : 

Arch, Relleving or Discharging, in 
Rricklaying, The archesegmental tirncd oF 
built over a timber Lintel (which see) 
stretching across the top of an ore 25 
that of a door or window, in order to relieve 
the lintel from the pressure or weight of 
the wall above the opening, Syn. Fr, Aro 
en dicharge — pron. urk-eng-day-sharejuh 
(décharge, an unloading or discharge, from 
décharger [day-shur-jhuy], to diseharge) § 
(ier. dndlastungsbogen (from fntlastung{ atte 
Jast-oong] a release or dincharge, and ugeny 
an arch). : ' 

Arch, Segmental, or Scheme, i Brick- 
laying, In this the arch ix part of a circle 
when tho bricks are laid so that thelr joints 
converge to, or radiaty from, the centre © 


the arch, it is called a “scheme arch.” Syn. 
Fr, Aro avec cintre aplati—pron. ark a-v 
(with) sang-tre ah-plab-toe jones centre— 
gee Arch, aplati from aplatir [app-lat-ce], 
to flatten or lower)}—that is, an arch with a 
leas rise than a semiciroular arch, a# an 
elliptical arch would have; Ger. Stichbogen 
—pron. ateegh-boh-gen (Stich o out, and 
Bogen [bob-genn ], an arch). 

Arch, Semieirenlar, in Masonry or 
Bricklaying. An ita name denotes, has the 
curve of ita intrados or soffit the complete 
half of acirelo, Syn. Fr. Are en plein cinire 
—prou, ark eng pleing sangtre—literally 
“an arch with # full centre’; Ger. 
Rimischer Bogen—pron. roem-ce-sherr boh- 
yen—that is, a Roman or Romish arch. 

Archway. A road or path under an arch, 
orthe arched entrance to a door. In this 
sense the Syn. Fr, is Porte ennoitde (vaulted 
doorway)—pron, pobrt-ung-yoot-eh; Ger. 
der tiberwilbte Thorweg (ber, over or nbove, 
Wilben, vault, Thor, gate, Weg, way)—prou. 
oo-bare-voelb-teh tor-vague, 

Aren(Basoment), TheSteps or statrs to, 
have for thelr equivalents Syn. Fr. Ascalter 
d'un souterrain (escalier, stalrcase)—pron. 
ena-kulelee-ch (sce ahove) ; Ger. dio Keller- 
trenpe aufdem Vorhof (Keller, cellar, Treppe, 
steps)—pron. dec kell-err-trep-eh owf dem 
forc-hofe, 

Area, in Fiuilding, The apace of ground 
on which the atructure Is placed. Jer, 
Latin area, an open space or piece of 
crore and this from ard, carth or hearth, 

n. Fr. Aitve—pron, airs Ger. die Baustelle 
(Bau, a building, Stelle, u stand, position) 
pron, bouglestel-leh, 

Aren, in Domesitc Architecture, The free or 
Vacant apace in front of the barcment story 
of a building, and which is reached from the 
outside atrevt or round level by steps, Syn. 
Fr, Aire dun souterrain (underground floor) 
—pron. alr-duhn sno-tare-nyne ; Ger. Bau 
alelle, der Vorhof' (vor, before, Hos, a court or 
yards==pron, bough-stell-ch, derr fore-hofc. 

Aren, in Measurement, The superficies or 
aurface of a piece of ground or of a body, 
having aul es and breadth only, Arca is 
denoted in building work as in square yards 
aquare fect, or aquare inchos, and is foun 
by multiplying the longth by the breadth 
in yards, fvet, or inches, Syu, Fr. Unitd de 
surface (units, unit)—pron. uhn-ce-tay day 
soor-fass; Ger. dte Linhett der F'ldcke 
(Einhett, unity, Fldche, extent, squure 
measure)—pron, dee ine-hite, derr faghe. 

Argillaceous Soil or Earth, tn Ewcava- 
‘fag, or Materials. Clayoy, os an argillaccous 
vand is a sand mixed with clay soil, an 
argillaccous loam, loamy soil mixed with 
clay, Eng, pron. ar-geel-nish-ec-us, Der. 
From the Latin argilla, white clay, marl, 
potter’s earth, Syn. Fr. Jerre argilleuse— 

ron. tare or tair arr-geel-uuse—from argile 

abr-jccl), clay ; Ger, onerde—pron, tonn- 
err-deh (‘Thon, clay,and Ade, eurth, soil). 

Arm Chair, tn Cabinet Making. A chair 
with arms at the aidea, which spring 
from the contre of the edges of back, an 
are carried forwurd and bent down to be 
joined to the front cornera, Syn. Fr. Mauteuil 
—pron, foh-teuhl; Ger. Lehnatuhl — pron. 
layn-styohl or -stuuhl (Lehne,a support, 
railing, and Stuhk? {etuubl], a stool); also 


Armatuhl (Arm, arm), 

Arris, in Building Construction, The 
corner or line formed by the junction or 
meeting of two aurfuces at angles—right or 
otherwise—to each other. 

Arris, in Construction. To take off—that 
is, to chip, cut, or plane away—the corner of 
a body, making it splayed or bevelled off. 
Syn. Fr. Epautrer—pron, eh-po-tray ; Ger. 

ératossen (literally “to push forward” 
—pron, fare-stoss-ane, To take thearriao 
from a block of ashlar-worked stone has for 
ita Syn. Fr. Zpanneler (from vanneaw, & 
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panel), that is, to make the angle or corner 
at—pron, eb-pann-lay ; Ger. aw 

Rohen behauen, te. to hew (bshauen) out of 
or off the rough (rok); also die Kanten 
Aquen, to how the corners (Kanée) or edges off, 

Artificer, in Butlding Construction, 
akilled workman. Eng. pron, arr-tiofis-irr. 
Byn. Fr. Artifoter or GOuvrier—pron. arh- or 
arr-tee-fee-see-ch, oov-ree-h ; Ger, Arbetter 
Handwerker — pron. aar-bite-orr hand-vor- 
kerr, Der, From the Latin artifcium, and 
this from are, artis, art, and the verb /facere, 
ty make. 

Aabestos, in Materials, A mineral sub- 
stance of a fibrous nature, which admits it to 
be madc into substances resembling cloth or 
s fibrous material like wool, It is perfectly 
incombustible, It is now largely used for 
various purposes, as picking of joints, piston- 
rods, ete,; and a pulnt is also made of it, 
which is used effectively in buildings, ren- 
dering wood, etc., flre-proof. 

Ash, in Materials. A forcst-tree ylelding 
valuable timber noted for its toug aunty: 
Ayn. Ir. Fréne—pron. frenn; Ger. der Hachen- 
laum (ache, psh, and Baum, a tree), or 
die Exsche—pron, dee esh-eh, (Sco “The 
Timber Dealer” in text, ) 

Ashlar, in Masonry. Where the stone 
used for the exterior surface of a wall is 
hewn and smoothed, dressed or polished, it 
is called ashlar work, Syn, Fr. Pierre 
de taille—pron. pee-air day tah-ee-eh or tah- 
oc-yuh (pierre, « stone, and tatdle, cutting, 
dressidg) ; Ger. Behauener Stein—pron. bee- 
how-enn-err etine (from behauen,to cut, Stein, 
a stone), 

Ash Pit, {a Domestic Architecture, A 
part of the outbuildings of a house in which 
the ashes from the fire grates and other 
refuse matters are deposited. Syn, Fr. 
Cendrier—-prou, aung-dree-ch (from cendres 
{aangdre], cinders or ashes); Ger. Asch- 
grube-—pron, ash-groo-bel (from Asche [ush- 
eh) asher, and Grube, a pit or trench), 

sphnlte, in Materials, A hard black 
bituminous substance, much used in con- 
junction with other substances, auch as 

roken or powdered stones, spa, etc, as a 
material for the formation of road surfaces, 
walks, cte, It fa found naturally in large 
quantities in difforont countries, notedly 
in what aro called the bituminous lakes of 
Eastern Hurope, Syn. Fr. Aaphalte—pron. 
aga-falt; Ger. Asphalt—pron, aas-falt, 

Assemblage, tn Carpentry. A term bor- 
rowed from the French to denote the com- 
bination of timbers forming a single 
framework; also the combination of two 

urta, as of two beams soarfed, (See “ The 

arpenter” in text; see also Scarf.) Syn. 
Fr, Assemblage—pron, ali-auin-blaje; Ger. das 
Einrahmen (cin, in, Rakmen, a form or frame) 
—pron, daus ine-raw-menn. 

Astragal, in Joinery, A Billet with rounded 
edge, generally semicircular. It is a term 
sometimes used as synonymous with sash- 
bar or bar supporting the panes of glass in 
a window-frame, Syn. Fr. Asiragle—pron, 
as-trah-gal; Ger, der Stiulenfrane—pron. 
eowl-en-phrantz (from Sdéule [sow-lay], a 
post or pillar, and Franz, a band). 

Attic, in Architecture, In Olassical atyles, 
an apartment or range of apartments of low 
altitude at the top of the structure. In 
commen buildings it designates a room in 
the roof of a house. Syn. i'r, Aitigue~pron. 
at-teck; Gor. die Dachstube—pron. dagh- 
utoo-bay or -stuh-bay (Dack, a roof, and 
Stube, a room)-—literally “aroom or cham- 
ber in the roof,” 

Auger. A tool used in Carpentry to bore 
holes in timber to receive trenails (which 
gee), or wooden pine, etc, It is a long fron 
bar provided with an eye at the upper end, 
iri which a cross handle is passed to 
work the tool, Tho lower end is provided 
with a cutting screw, having « sharp point 
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be- part of the screw le 


avd cdges, which, as the handle is turned 
round by the workman, keeps entering into 
or descending into the timber, the larger 
with its sharp 


edges the hole in the w The twist or 


A pitch of the screw enables the cut chips to 


clear themselves from the holeas it is formed 
—these rising up to the surfacc, from which 
they are swept away from tlme to time by 
the workman. Syn. Fr. Tarrier—pron, tar- 
ee-alr; Ger, der grosse Bohrer—pron, derr 
gros-seh-bore-er, meaning a borer for great 
or large, as a gimlet {a for amall holes in 
timber, which 1a simply der Bohrer, tho borer. 
Avenue, in Laying-out Grounds or Garden, 

A walk generally bordered by trees or shrubs. 
Der, The word is purely French, and is derived 
from the French avenir, a prospect, and this 
from the verb avenir, to happen, as in look- 
ing forward for something to lee in 
rospect—pron. ahy-neer, The French is 
vorived from the Latin ad, to, and ventre, to 
Syn, Fr, Aventie--pron. av-neugh ; 


come, 
aumgang (Baum, a tree, Gang, a 


Ger, der 
walk)—pron. bourhm-gang. 

Aviary, in Garden Architecture, A struc- 
ture erected in the grounda or garden of a 
house, in which birds are confined for display, 
It ia compored of open wire-work or wire 
netting for the upper part, with a solid or 
enclosed base, The interior is fitted up with 
perches, or in large aviarios a tree {s incloned, 
or small shrubs. Der, Brom the Latin word 
aviarium, and this from avis. a bird, Syn. 
Fr, Voli¢re—-pron, vobl-ee-air (from the Latin 
verb volere, to fy—that is, a contrivance to 
prevent the birds flying awuy, or to show off 
thoir flying or moving ubout while onoaged, 
Ger, daa Vogelhaus—pyron. dase fog-el-house 
efron Vogel, w bird, and //aus, w house. 

Awning, Window, in Domestic Archi- 
tecture. A covering of wood, sometimes of 
thin shect-metul, placed in front und at the 
upper part of a window to keep off or temper 
the sun’s rays. It is frequently made a 
permanent part of the building, and is more 
or loss ornumenied in keeping, or otherwise, 
with the general style of the structure. It 
is also in rome patented contrivances #0 
arranged that {it can be shoved or pulled 
back inLo a reccas so us to ba quite concealed 
whun notin use, The term is a corruption 
of the Old English word hathelian or helan, 
to cover over or up. Syn, Ir, Vente dun 
Jenétre (tente, tent or awning, sendire, a 
window)—pron, tangt dubn fiy-natre or fay- 
nate-ub; Ger. Fenster Jachung (Fenster, 
window, and JJach, a roof)—pron. fane-stare 
dagh-oong. 

Axe, in Carpentry. A steel edged tool 
used for cleaving and splitting wood, and 
for tuking off the surface in u rough way. 
The front edge ia generally alightly rounded, 
and of steel to the breadth of an inch or so, 
‘he handle is inserted in un eye near the 
back, and is at right angles to the aide of the 
tool, The extremo back beyond the handle 
eye is formed into a projecting part with 
& fint steeled face; thia part, termed the 
“poll” of the axe, scrves as a hammer for 
driving spikes or trenails, large nails, ete, 

A small light axe under two pounds weight 
istermed a “hatchet,” being used with one 
hand only, The Old English form is eas, 
the Icelandic awa; the Greck word is azine, 
und the Latin ascia. Byn. Fr. for the whole 
tool, handle included, //ache--pron, bahsh ; 
for the head or metal part, fer de hache— 
pron, fare duh hahsh; Ger, die Awt or das 
Setl—pron. dass bile. 

Axis, in Masonry and Carpentry, The 
assumed or imaginary line pussing through 
the centre of base to centre of apex, as of a 
circular vault or dome; the centre line of a 
body.. Der, Latin ats, north or aouth pole 
of the globe. Syn. Fr. Awxe—pron. abx; 
Ger, dis Mitellinte oe ittel, middle or contre, 
Linie, lire)—pron, der mit-til-leen-e-ch, 
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1. The Transmission of Power by Bolts. 
THE reader will find in the series of papers in the 
text under the head of “The General Machinist,” 
the various points described connected with the 
special dopartment of Practical Mechanics of trans- 
mission of power from one point to another, or the 
communication of motion. We have here to give a 
place to a number of facts and figures connected with 
the goneral subject, derived from a wide variety of 


sources, which could not for more reasons than one. 


find a place in the papers referred to, The primary 
elements of belt driving gear ore the shaft and the 
pulley, and the media of conveying the powor of one 
set of these to another set or to other sets—namely, 
the belts made of various substances, As forming a 
distinct part of the practical work of the mechanic, 
various facts and figures will be given in a future 
series of paragraphs under “Shafts and Pulloys, or 
Rope Driving Gear,” confining this to the subject of 
Belts. Up to within a comparatively recent period 
the transmission of the power of, or the “tuking 
off” of the driving power of the shaft of the 
prime mover, as that of a water-wheel or steam- 
engine, was done through the agency exclusively of 
toothed-wheel gear, as spur wheels and pinions; and 
to the leading shafts, such as the vertical shaft of a 
cotton factory, conveying power to different floors, by 
bovel toothed gearing or by mitre wheela, (See the 
series of papers in the text under the title of “The 
Building and Machine Draughtsman” for different 
kinds of toothed-wheel gearing; and also the scrios 
entitled “The General Machinist.”) The method of 
communicating motion by means of belts, straps, or 
bands, or by cords or ropes, to which mechanical 
appliances Professor Willis gave the name of “ wrap- 
ping conductors” of power or motion, was confined 
solely to the driving of the smaller machines, and 
parts of machines requiring comparatively small 
power. But of late years a very remarkable change 
in mill and machine engineering has been the 
substitution of “belt” and “rope” gearing for that 
of toothed wheels, to which lattc? the generic 


name of ér gearing ” 


Was given, indi 
arclasive-day 4 given, indicative of the 


Yr a long c 
these two methods, that of toe oe a 
Baid to be the latest, and in the Opinion of some it 
promises to supersede belt-gearing, allhough as yet 
a pansecliriny of belte is largely in excess of ropes, 
ystems lave, howover, been xo lurgely intro- 
duced, that the largest willy vre genred upon these 
principles, which would but a few yonrs ago have 
been driven by the old system of toothed-wheel 
gearing. The reader will porevive, then, that n large 
amount of practical technical interest is involved 
in tho subject of the present serios of paragraphs, as 
named in our title, It is, perhaps, scarcely necessary 
to say that the systems are not applicublo to certain 
classes of machinery, which do not fullil the cunditions 
necessary to secure their highost development. What 
those conditions are will be stated in another “Note.” 


2, Btrength of Belts. 

In this parngraph leather is the only material 
considered, as this at one timo wns exclusively 
used for bolt gearing—and even now, when it 
has rivals in the market, is still chiefly used; the 
princip»] oxperiments made by varios practical 
nuthorities, and the rules deduced from those and 
from a wide range of experience, have all Leen in 
connection with it. Jt will ensily be understood, 
from the nature of the material—not only from the 
quality or character of tho hides or skins from which 
it is in the firat instance obtained, but also from the 
way in which this is afterwards treated, or the leather 
manufactured—that very considerable differences are 
likely, indeed certain, to be found in the strength of 
leather belts to enable them to withstand the strain 
to which they are subjected when wrapped round 
pulleys in that state of tension required to do the 
work, And in practice it is found that different parts 
of the hide give different quulities of leather, and 
that those again vary in their value when used for 
belting. Again, as showing the young mechanic how, 
in even what appears to be such a simple department 
of mechanical work, the mechanic has to think about 
and find out a great number of points, it has to be 
stated—what from its importance will be more fully 
gone into in a succeeding note—that the mere way of 
placing a belt on its pulleys affects its working value ; 
while the mere strength or capability of the leather 
to resist rupture does not give working officiency in 
the highest degree to the belt made of it. Thus one 
part of the hide will give a leather which will take @ 
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greater force to rupture it than leather made from 
another part of the hide, yet that which is the 
weakest is better adapted for the working circum- 
stances of belting than the strongest. Many points 
have, therefore, to be considered in determining the 
value of Icather for belting, in addition to its mere 
textile strength, and it is those points which con- 
stitute the real working strength of belting—meaning 
by this term all the good conditions necessary to 
ensure the sofest and the most economical working in 
practice, The figures which are accepted by wnechanics 
as indicating the value of leather to resist a rupturing 
strain have been found, therefore, os might be 
anticipated from the above statements, as the result 
of experiments and of practice with leather of good 
avernge quality made from the best hides, and onk-bark 
not chemically tanned. And although it is necessary 
for the mechanic to understand what he is doing, and 
what the value of his materials really is, and figures 
or data as 1o strengths are necessary, still it is so far 
fortunate for him that even when subjected to severe 
strains, such is the good quality of Jenther which is 
honestly imade, that he will find that it will as a 
rule practically not break or rupture—and this even 
when placed under somewhat unusual conditions of 
continuous working. The most complete investign- 
tion into the subject of the belts is that made by 
General Morin, the well-known French scientist ; and 
ao highly is his report esteemed, that it is issued under 
the authority of the French Tnstitnte, A recommenda- 
tion the value of which is shown not only by the 
fact that nearly all experimenters who followed Morin 
have availed themselves of his investigations, the 
accuracy of the results of and practical deductions 
from which is shown that all subsequent expericnce 
has verified them in nearly every respect. Morin 
showed that for continuous working—that is, under 
the circumstances of a working dny—a leather belt 
may be made to bear a tensile strain—that is, a strain 
or force tending to separate its fibros and tear it 
asunder — of 0°551 Ib. per ‘00155 square inch of 
section. This is equal to 355 Jb, per square inch 
of section of the leathor. The young reader must, 
however, note that this is the working strain to which 
the belt may be subjected, and is quite distinct from 
the ultimate strength or the breaking strain of tho 
leather, which is much higher, varying from eight to 
twelvo times this working strain now named. A fair 
average of uliimate or tensile strength of leather may 
be taken nt nine times the above working strain. This 
will give a breaking strength of 3195 lb. to the square 
inch of section. Whatever be the tensile strength 
of the leather proposed to be used—and this, from 
what has been said, will be found to vary according 
to circumstances—the working strain should not 
exceed one-tenth of the ultimate or tensile strain; 
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and it will be safer if a wider margin or factor of 
safety be employed—say one-eleventh of the tensile 
strain. These would give either 319 (say 320) on 
290 lb. to the square inch of section of belt as it» 
safe continuous working strain, which is less thar 
the 355 Ib. of Morin. This latter, which is gene 
rally followed, however, gives an avernge working 
strain of 55 lb, for each inch of width in a bels 
of which the thickness is ths of an inch—whicl: 
may be taken as the usual or average thickness of 
belts. A safer stroin will be 45]b. to the inch in 
width of the belt, Theoretically, a belt stretched and 
running over pulleys is “endless”; but in practice 
there are two ends which have to be joined before 
the belt can be used and become practicully ondless, 
This junction of the ends of a continuous or endless 
belt introduces two conditions in the belt considered 
as a whole or a single piece. There must be some 
difference between tho solid part of the belt and 
that at which the junction is made. And thir 
difference will depend upon the method adopted to join 
.or secure the two free ends together, Asa rule—we 
might say universally, without exception—this dif- 
forence is all agninst the joint: that is, the belt is 
weakest at the junction. Some have claimed for 
their methods of joining that they are so efficient 
that the belt is as strong at the junction as at the 
solid part, while others have gone furthor and clniined 
for their methods that they give actually a greater 
strength. Be this as it may, the general experience is 
that the junction of the two free ends of a long band 
or belt in order to make it continuous or endless is 
the weakest part. Keoping out of consideration for 
the present special methods of joining belts, most of 
which are the subjects of patents, the methods in use 
may be reduced to two—riveting and lacing. The 
young reader, remembering the mechanical aphorism 
that the ‘strength of a machine lies in its weakest 
part,”—a statement which in its seeming paradox hag 
puzzled sorely many a beginner,—will thus perceive 
that the real working or continuous strength of an 
endless belt really lies in the capability, not of the 
solid part, but in that of the joined or spliced part, 
to resist rupture or a breaking strain, Experiments 
have been made to determine the strength of 
the joined parts or rivetod or laced parts, as com- 
pared with the solid parts of a belt. rom these it 
appears that, taking the ultimate breaking strength 
per inch of width of the solid part at 675 lb., that 
of the riveted part was 3821b., and that of the 
laced part 210]b. The weakest part of a belt is 
that in which the lacing holes have been pierced, 
which is usually weaker than the actual thong or 
lacing leather used, ‘The difference between the 
strength of the punched leather belt with copper 
rivets and a belt with lacing or thong is greater in 
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the case of the riveting, the copper used for the rivets 
being 80 much stronger than the lacing. This is shown 
from the above to be nearly three times in favour of 
the riveting method, notwithstanding which many 
mechanics prefer the lacing method of joining ends 
to the riveting one, Taking one-third of the above 
atrains as a safe margin or factor of safety, we have 
for the solid part a strength of 295 |b, to each inch 
of width (or say 220 lb.) as that which we may expect 
from ordinary belts, 127 lb, as the strength of the 
riveted parts, and 70 lb, only of the laced parta, A 
thoroughly safe working tension of the latter may 
be put down at 45 to BO lb. 


8. Fortland Cement Conorete. 


The extensive use of this substance in a wide 
varioty of work has been a marked feature in the 
practice of building construction during the last quarter 
ofacentury. Whero tho best results are desired in 
concrete work, Portland cement has almost complotely 
superseded other cements long used, of which “ Roman” 
was the best known; and the same may be said of 
concretes made with hydraulic mortars—that is, limes 
mixed with what at one time only were described 
as “cements,” such as the well-known “ tarras” and 
“puzzolona.” The term “cement” in the building 
constructive senso includes all mortara which have 
the property of “hardening” under water or “set- 
ting” firm and hard in the air. The “Roman” 
cement, which at one time had the greatest reputa- 
tion, and is still highly thought of by some, was 
frequently described as “ Parker's cement,” from the 
name of its inventor. Mr. Parker discovered that 
by calcining the hard or pebbly calcareous nodules 
found in the Isle of Sheppy, found also largely in 
other districts, and at Boulogne, in France, and 
forming s powder, hoe produced an hydraulic mortar 
closely resembling the well-known puzzolona so largely 
used by the Romans. Roman cements generally are 
formed by burning at a low temperature argillaceons 
limes found naturally oxisting. The “ Portland 
cement,” so named from hardened masses of them 
having the external appearance of Portland building 
atone, are produced by burning or calcining at high 
temperature masses of clay and limestone mixed in 
certain proportions, and afterwards grinding them 
into a fine powder. In some districts stones or hard 
nodules are found existing naturally, which are found 
when calcined to produce a powder under grinding 
possessing all the properties of good Portlind cement 
so-called. The following tables give first under A 
the constituents of samples (1) of English Roman 
cement; (2) of Portland cement, made by one of our 
Grst manufacturers; and (3) of clays suitable to mix 
with limes in order to make Portland cement. The table 
B shows (1) the relative strength of bricks made of 


Roman and Portland cement alone, and (2) of bricks 
made with those cements, but mixed with snnd, 
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The bricks were six square inches in section ; and it is 
worthy of note that when the pure Portland coment 
was immersed in water for twenty-four hours, its brenk- 
ing strength wis increased in the ratio of 15 to 13. 

Portland cement is, however, not only much stronger 
than Roman eement, but when mixed with water 
hardens under water not only in a much shorter 
space of time, and “sets” also much more quickly 
in the air, But, what is of gront importance in a 
constructive point of viow, it acquires a gradually 
increasing hardness both in air and water till the 
maximum is reached. These propertics, and the onse 
with which it lends itself to the making of different 
classes or kinds of “conerete "—that ix, when used to 
cement other and foreign bodies, as broken stones, 
bricks, glass, gravel, pebbles, dinkers, sand, and 
indeed every kind almost of hard incombustible 
materials—has given a practical value to Portland 
cement, which it is difficult to over-cstimate, In a 
succeeding note we shall give a variety of practical 
romurks as to its use in construction, with some hints 
as to its quulity, durability, ete., etc. 

4. Gaseous Fuel as against Solid—that is, in its Ordinary 
Condition, 

Of late years sovera] systems have been introduced 
with a view to using gaseous fuel in place of coal and 
coke in manufactures. And they have been #0 suc- 
cessful that they are in daily use on the large seule, in 
several branches of our manufactures, of which that 
of the iron and the steel trades are the most notable 
examples. Descriptions of the best of these—of which 
the Siemens Regenerative Furnace is the leuding type 
—together with ample illustrations of the forms of 
furnaces and constructive appliances used, will be found 
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in the paper in the text which it is our intention to give 
under the title of “ The Furnace Builder and Designer.” 
In this paper also the theoretical as well as the practical 
pointe involved in the whole question, as between the 
use of solid fue]—that is, coal, for example, in ita ordi- 
nary condition—and gaseous fuel will be fully discussed. 
Meanwhile this “note” is intended to convey some of 
what may be called the elementary points of the subject 
chiefly in their chemical aspect. Excellent results have 
been obtained by using carbonic oxide gas, OO, which 
burns with little light but with an intense heav, forming 
carbonic acid gas, CO,; and several largo firms have 
banished coal and coke entirely from their works as 
fuel, except for the production of the gas itself, When 
coke is burnt with an excess of air, carbonic acid is 
formed; when now this is passed over heated coke 
the CO, splits up, takes an additional atom of carbon, 
and is converted into carbonic oxide, thus: CO,+4+0 
=2 CO, 

When common coal is burnt, asin the domestic fire- 
place, the chief product of combustion is carbonic acid 
gas, OO,, provided that there be ample access of air 
and a good heat; if both these conditions be absent 
there is very little CO, formed, but much volatile 
matters—such as hydrocarbons, etc. In the latter 
case incomplete combustion has taken place, or in fact 
simple distillation—the coal simply splitting up into 
carbonic oxide and various organic compounds,—the 
exact nature and quantity depending on the amount of 
leat applied, and on the kind of coal burnt, 

Thus the hent evoked during this incomplete com- 
bustion is very amall—the henting-power being in fact 
wasted. If these products be collected they will be 
found to burn readily, emitting much light and heat; 
but if thoroughly burnt, the products of combustion if 
ugain collected will be found quite incapable of burn- 
ing. When coke instead of coal is burnt, a similar 
thing occurs, but the cuse is much simpler; for coke, 
having been already subjected to distillation, is much 
simpler in composition than coal, and hence its pro- 
ducts of incomplete combustion consist not of a variety 
of compounds, but, practically speaking, wholly of 
carbonic oxide gas, OO, 

Nov, in ordinary coal and coke burning, a compara- 
tively large proportion of the heating-power is allowed 
to escape up the chimney, owing to incomplete com- 
bustion, due in most cases to insufficient supply of air, 
The best method of completely preventing this loss—z1.e. 
of getting all the heat out of the coal or coke which it 
is possible to get—is to convert the coal or coke first 
into some kind of gas or mixture of gases, by applying 


the proper amount of heat, and then burning the gap 
separately and completely. In the case of coal this is 
already done, in the production of coal gas; but this 
is a subject treated elsewhere, and we here refer only 
to coke, From coal may be produced a gas posseasing 
either great heating and little lighting properties, or 
a gas having great illuminating but slight heating 
qualities, or a gas of intermediate character, chiefly 
by regulating or adjusting the heat at which the coal 
is distilled, In the case of coke, however, only one 
quality of gas capable of burning may be obtained by 
heating—namely, carbonic oxide gas, possessing great: 
heating but almost no illuminating qualities. It is this 
gas which is now largely employed to take the place of 
coal or coke for heating purposes: it passes into the- 
fireplace of the boilers, and burns with air, giving out 
an intense heat, of course without soot or ashes, the sole: 
product of combustion being pure carbonic acid, CO,, of 
any kind, and which demands no periodical cleaning 
out of boilers. The gas is produced from the coke in 
an exceedingly simple manner, A tall cylinder is filled 
with coke and heated from below, an excess of air being 
admitted at the bottom. The coke there burns, forming. 
carbonic acid; this, on passing upwards through the 
heated masses of coke, takes up more carbon, and is 
converted into carbonic oxide, which is passed into the 
boilers for combustion. 


5, Utilization of Alkali Waste, 


It is well known that in the manufacture of soda 
by the Leblanc process there is a large amount of 
waste, which, collected as “alkali waste heaps,” is a 
cause of annoyance to the public, a source of loss to 
the manufacturers, and forms unsightly objects 
hundreds of acres in extent, in the alkali making 
district. (See the paper in text ‘The Alkali Maker.”) 
One of the most important questions in modern alkah 
making is, how not only to get rid of this troublesome 
material, but how to do it profitably. Until recently 
this was an unsolved problem; now the wide adoption 
of the ammonia-soda procers of alkali-making is 50 
serious a competition to the old Leblane process, that 
the latter can now be carried out profitably only 
by dint of great economy, one of the principal items 
in which is the utilization of alkali waste, Several 
processes have been tried with more or less of success 
for the accomplishment of this object, but none have 
been more successful both in a scientific and a com- 
mercial sense, than that known as the Schaffher and 
Helbig’s process, This method mav be described in a 
succeeding note, 
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(1) What may be called the minor details of the 
various branches of industrial work comprise within 
their range an almost endless variety of practical 
facts and suggestive circumstances closely connected 
with, and bearing to a large extent on, tho success of 
the work done in them. Numerous, and in one sense, 
taking them in the aggregate, inexhaustible, they are 
nevertheless being daily added to as the range or 
capability of the different branches becomes extended, 
and the experience in working them widens. Many 
of these detaila nover get published, as the phrase 
goes, not even in the limited sense of becoming known 
to others than the individunl to whose superior skill, 
knowledge, or happy thought, the improved detail is 
due, This individual reticence is in many cases not 
due to a sellish desire to keop to thomselvos what 
would be beneficial to othors, but simply because they 
wodestly believe that what they have got to tell is really 
not worth the telling. Other details and facts, and 
many of great practical value, having the same origin, 
meet with a more useful fato: they aro made known 
by the less reticent discoverers to their intimate frienda 
and acquaintances, in many cuses with o real dosire 
to benefit others; in some cases werely for tho sake 
of talk or of self-glorificntion. Still, even in this caso, 
their publication so called is of the narrowest. But 
seattered throughout an endless variety of publica- 
tions properly so called, in the pages of the transuc- 
tions of scientific and engineering bodies, in pamphlets 
nnd papera issued by the discoverers of new pro- 
cossos or the inventors of new machines, and even 
in many of the best of our trade entaloguos, a vast 
variety of facts connected with industrial work in 
every branch, of practical detuils of great value, may 
be met with by the painstaking searcher after good 
things, or are come incidentally across by those who 
for some particular purpose are consulting the records 
of scientific or industrial work, But, although they 
way thus be met with, they as a rule lie quite beyond 
the reach of the many. They are not purchasable, 
or, if 80, not easily, by the ordinary class of readers ; 
and their mere numbers and cost would preclude the 
majority of book-buyers from possessing them. And 
even where the sources of information—and we have 
by no means exhausted the list—are accessible and 
available, their mere numbers would deter the 
majority of readers from the:attempt to look over 
their pages, even in the most desultory manner. All 
the more easily would they be disheartened in the 


attempt, grunting they were acquainted with tho 
fact that thero was something worth looking for, 
by finding that the looking involved great Inbour, 
inasmuch as in very many cases such practical 
details bearing on industrial work were mixed up 
with matter not always coguute—-in many cases the 
reverse of cognate—with the particular subject in 
which the seurcher was interested. The only way 
in which practically and with comparative caso these 
treasures of industrinl und svientifice work cun be 
disentombed from amidst the mags of othor und 
often of foreign matter, is through those who, like 
ourselves, have frequent cvccnsion, for one purpose or 
another, to be ‘searching the records” of too often 
obscure and difficult-to-be-mot-with sources of valu- 
ablo information, aud who at the same time are aware 
that amidst the matter of innumerable pages many 
facts of great practical value may lie hidden, only to 
be noticed by thoso who have a keen eyo for the 
practically useful. Dut somo young reader may axk, 
IIow is it that such details, practical as beyond a 
doubt they are, are not to bo found in such special 
papers as, for example, those which go to make 
up the bulk of this present work? To this the 
reply is as ready as it is on consideration obvious, 
To name all the details, to give all the suggestive 
hints which might be given in » special paper on 1 
special subject—as, for example, “ Calico Printing” 
or the “Stenm Engine "would so lengthen it out, 
or extend it, that the space available for two or throe 
subjects would be taken up hy ono only. No paper, 
however complete it may be in tho senso of itk piving 
the leading and essential features of the subject, can 
be absolutcly exhiustive, innsmuch us daily expevi- 
ence, and daily invention of machinery, and discoveries 
of new procosses and improved methods of working, 
are daily adding to the bulk of information, These, 
an we have suid, are so numerous that to find a placo 
for them would make each special paper altogother 
too voluminous to have a space allotted to it. But 
in addition to all these sources of the valuable facts, 
hints, und suggestions we have named, thero are 
many subjects of great scientific and industrial 
interest, for tho troatment of which, as special 
papers, space cannot be found in the text of a work 
like the present. Taking, then, all the sources of 
‘nformation we have named, the render will perceive 
that there is a mine of it, so to call it, vast enough 
and rich enough to yield, if explored, much “ precious 
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metal,” which otherwise might be left alone and 
lost, so far as many of our readers were concerned. 
For years the writer of these lines has been searching 
in this mine; and if, like other workers in hidden 
regions, he has brought up to the surface what is of 
little worth, there is in the bulk of what has been 
collected much of great value, which through the 
present medium will be presented to the reader of 
Tue Inpusreiau Setr-Instaucton ror Home Stupy. 
In addition to this the writer hopes to be able to 
give notes on subjects of practical interest which, as 
above stated, could not form the subject-matter of a 
special paper in the text. We proceed, then, to our 
pleasant duty—for it is true in all things that it is 
more blessed to give than to receive—with this proviso, 
however, that this, the first presentation of matter dug 
from the mines we have named, must not be taken as 
a sample of the gifts yet to come; this our first paper 
being almost wholly introductory. And here one 
word as to the plan of this department of our work. 
No attempt at clussification of subjects has been 
attempted. Apart from inherent difticulties, con 
sequent on the diversity of the subjects to be dealt 
with, and the necessity to economise space where 
there are so many demands made upon it, the ranging 
of the different paragraphs under special heads or 
classes would tend more to confuse than to facilitate 
realy reference to them. All that is practically 
necessary to make reforence fairly easy will be gained 
by simply numbering the paragraphs, And this is 
necessitated by the fact that, while all the subjects 
will bo treated with great brevity, some will demand 
inore than one paragraph, and aa the different para- 
wraphs may be given at different times, the connection 
Letween them will be easily made out by reference to 
stiven numbers, 


(2) Those who have had much to do with the 
working of machinery, and who are observant of its 
fucts, know well thut the difference between the 
working of one machine economically, and that of 
‘mother which tnkes more power to drive it, or 
displays rapid wear and tear, is caused by something 
very simple—-what thoughtless men would designate a 
trifle. Amongst these trifles, so called, muy be placed 
“lubrication,” which may be defined as the art of 
lessening friction or the rubbing of moving parts, 
with consoquent wear and tear and loss of motive 
power, by the use of greasy or oily substances applied 
to the paris. Jubrication in itself seems to be a 
very simple matter indeed, and one which would not 
demand any very special care. But the young reader 
may, nevertheless, be surprised to learn that it is one 
which involves eo many points that ita consideration 
may be said to be a new science, as the designing and 
making of the appliances or apparatus its careful 
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carrying out demands has created a new speciality in 
mechanical engineering. But he will be surprised to 
learn, further, that the new views of the subject quite 
recently put forward by eminently practical men will 
probably altogether revolutionise our notions of, and 
modes of dealing connected with, “friction.” From 
what is said on this special subject in another part 
of our work, under the title “ Recent Research in 
Friction,” the reader will see that this subject has 
long formed a species of battle ground in which have 
been fought out the conflicting theories and stutements 
of different writers, From these a great deal of 
complexity has arisen, not lessened by the mistake 
made so frequently by scientific men, assuming that 
all machines are alike, forgetting that the conditions 
under which each machine works constitute, in fact, 
the circumstances of working which alono require to 
be considered. By thus taking each case as it is, to 
be dealt with by the machinist, many of the difficulties 
which have hitherto attached to caleulations about 
friction can be got rid of, Friction, from the machine 
point of view, is, it is well known, the rubbing of two 
metals in contact with or against each other, and 
the different metals bringing into existence different 
effects, different coefficients are employed in calcula- 
tions. But it is also well known that by interposing the 
lubricant between the motals much of the rubbing or 
frictional effect, so productive of loss of power and 
wear and tear, is done away with. Porfect lubrication 
is where there is a complete ring of oil round the re- 
volving parts, or a film between the surfaces, so that 
the metal swims in a bath, so to say, or floats upon a 
buth of oil or lubricating substance. Here there is 
a complete separation of the one metal from the 
other, so that practically, and taking a common-sense 
view of the subject, what in this case is the point 
with which the machinist has tu concern himself, is 
not the friction of the metals, for they never touch 
each other, but the oil, grease, or other lubricant 
which separates them and prevents them from 
rubbing on each other—in fact, the friction of metal 
and oil or grease. If wo posseas a good lubricant, 
and can inanage to apply it properly, we have got 
all we wish. And in getting it we get rid also of all 
those complicated and, to the young mechanic, too 
often confusing calculations and considerations which 
have made the subject of friction such a bugbeur to 
many. The reader will perceive, if these views are 
accurate, how much simplified the subject is, and 
how investigation and experiments must go in quite 
another and an easier direction than that of the 
past. It must not, however, be assumed that the 
lubrication is itself altogether a simple matter. What 
points connected with it are likely to be practically 
useful to our readers will form the subject of future 
paragraphs, 
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The Doing of Bad or Inferior Work—The Turning-out or 
Producing of Poor Materials or Inferior Goods. 


But the full “power” which has given. us our past, and 
which will retain to ne our future supremacy as producers, 
will only be attained if to the determination to czercisea 
it in the ways just named be added another power, This 
the very gravity of the struggle for work which we are main- 
taining with competitors all over the Continent is bringing 
more and more to the front as one of the important factors 
—tlf it be not, as some think it is, the most important factor 
—Iin those calculations which affect the future prosperity of 
our country, What this other “power” or influance is, and 
how it is to be brought into operation, we shall presently 
sec, We have said that we are essentially practical in all 
our work--or, to use a graphic phrasc, we are the “out- 
and-out best workers” in the world, We can do the very 
best work which workers can do, and we could always do 
it if we willed. Unfortunately we do not always will it, 
Hence, while it is quite true that we can do good work 
better than any other pcoples—that is, truly and essentially 
gzood--it is no less truc that we can do bad work. And, 
unfortunately for our highest and therefore our trucst. Interest 
as producers for the markets of the world, we have not 
merely the ability to do bad work, but we do it on a moat 
extensive acale, And the singularly suggestive circumstance 
is that ao many amongst us have agreed to do bad work 
systematically, There is such a “purpose in this our mad- 
ness” that we have positively educated oursclycs 80 as to 
have the ability to do bad work in the best-that is, the 
worst way. This phrase, which will etrike some readors as a 
curious onc, has jn reality a very elose bearing upon this very 
point of “ practicality "in work on which rests, ag we have 
gecn, Our supremacy as producers. Only those who know 
what good work js, can furm any conception of the difflculty 
of the task which is given to a truly good workman when he 
is asked to do bad work. We have known gcod workmen, 
the very kings of their calling, when asked to slur over their 
work—to do, in fact, bad work—frankly confcss that they 
could not do it, Good work they must do—none other than 
this; they may charge less for it in the way of wages, but good 
work they will give, cannot in any wise do work other than 
good, Of course there are good aud bad workmen in every 
branch ; 60 that when bad work ig to be done, the workmen 
who have “ability” or—not to use a good word in a bad 
sense—the “capability” in this direction, are found ready 
enough to hand, 


The Systematic Doing of Bad Work—The Produotion of 
Inferior Goods. 

But a further curiously suggestive point in the connection 
named in last paragraph is that ihe very practicality which 
we have seen to be the most valuahle characteristic of the 
English workman crops out in the oddest of ways. So odd 
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that it is absolutely true that we do bad work so systematic: 
ally that we can make the boast--we can scarcely call it tho 
proud boast—that we do our bad work in the very best of 
ways. We need not cite practical cases in proof of this 
paradoxical position; it will serve the purpose we have in 
view when we hint that the machinery or mechanixm for 
doing bad work—lot us say in connection with a certain 
branch of textile industry, is simply perfection in the way it 
docs ita work, Bad work ia of two kinds, Firat, that which 
is done by a clumay, badly.traincd, or out-and-out inefficient 
workman, This is 50 transparcnt, so obviously and #0 hope- 
lessly bad, that it deceives no one, Any ono can see that it 
is bad; it makes no pretensions to be judged as good work, 
The second kind of bad work ia of quite another class—its 
very intention is to deceive, to xasume that it is good while it 
is nevertheless casontially bad. The greatest care is therefore 
taken that the deception shal) be complete, and thus it comes 
about—ns we huve so paradoxically said—that the bad work 
ig done in the best and mowt practical way. In une sense, 
therefore, it cannot be called bad work, for it is not badly, it 
is per contra beautifully done, But it ja the beauty possessed 
by tha apples of Sodom, the blossom of fine fruit externally, 
but dust and ashes within. Viewod in their moral uxpeets, 
the two classes of bad work come under two quite differant 
categories, But of the bad work which is done In the best 
way there are also two classes, The work which is done with 
the intention to deceive is bad in every sense; but there is 
bad work, while yet done well, which iy put out with no 
intention to develve, but simply with the desire to give the 
best look to bad materials. Were the maker, pushed from 
one cause or another to do cheap work, confesses, or at least 
makes no clfort to conceal the fnot, that cheap work can only 
be-—must be, because it is cheap—poor, that is. bad work, 
“You cannot get both gool work and a low price; and if 
you insist upon having cheapness you get. it at the expense of 
goodness.” This ig what in effect the maker of cheap aod 
bad goods saya, 


The Doing of Cheap Work Systematically an Essentially Weak 
Point in our Position.as Technical and Industrial Workers. 


Now, it ia the simple statement of a fact to say that it fs 
difficult to overestimate the evil influence this desire cither 
io have or to produce cheaply done work has exercined anil 
atill daily exercises upon the character of English production. 
It is hove unncoessary to Inquire whether the desire of the 
public to have or that of the maker to give to or force upon 
the public bad or cheap work {8 to blame for this, Sufficient, 
and unfortunately more than sufficient, it is to know that 
cheap work hag done an infinite dval of mischicf to our power 
and position aa producers for the markets of the world. The 
very highest of our technical authoritios have pulnted out 
how the desire of purchasers to have cheap work—no matter 
what jt be in quality, so that it be cheap—and the readiness 
with which some makers minister to this desire by supplying 
it, iy literally sapping the foundations of our productive 
strength. They maintain—and facta to any extent nrc at 
hand to support them in thelr view—that this wystum is 
getting us and our work into such evil repute in markcts 
where once we stood the highest, that those markets are 
being rapidly closed against us. Nor is the influence of this 
system upon the workpeople, those who produce vi cheap 
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and bad work, less to be deplored. No man can peraistently 
do bad work, employing bad materials and knowing that he 
does so, without suffering a twofold injury. A material one, 
inasmuch as the doing of bad work in itself fa the worst 
possible education for a workman. No matter what the 
class of work be in which he is employed, he has to unlearn 
much of what he bas practised before he can begin to learn 
the doing of good work; and those accustomed to do bad 
work asa rule, have asa rulc also but little desire to move in 
@ higher walk and do good work, But the evil influence of 
the system is not Joss to be deplored when one ccnsiders how 
the morale of workmen engaged in it is lowered, till from the 
incapacity to do good work they sink to the yet lowar level of 
thinking there is no evil in the doing of bad. Of the classes 
who maintain this deplorable system of cheaply and badly 
done work—the purchasers who must have it and those who 
produce ji—it may well be difficult to decide which is the 
worst, We should be inclined to decide that the public, who 
insist upon having work done no matter how, so that it be 
cheaply done, are those who are chiefly to blame, For from 
one point of view it may bo said that, so far as the producer 
of work is concerned, it is a matter of indifference to him 
whether ‘he givos out bad work or good; in either case he is 
paid for it, But from the true point of view nevertheless the 
maker's best interest lies in the production of good work, 
There arc very few indeed who are so lost to a sense of what 
is in itself the right thing to do, who would not “fecl more 
comfortable"—to use & common but suggestive phrase—if 
they did good work, the very best of which they are capuble, 
and would really be thankful to be spared what they know 
and feel to be, when things are called by their right names, 
a degradation, When a man has donc work in the very best 
way possible to him, striving to his utmost to attain to it, he 
feels satisfied, and there is a mental and what may almost be 
called @ physical, a material elevation of his being, as the 
result, This satisfaction cannot possibly arise from the doing 
of bad work. We hear on every side the complaints of the 
general public as io the difficulty thore is to get workmen to 
do good honest work, worth the moncy they so grudgingly 
pay for it. It would be well if the gencral public, who groan 
over this what they call deplorable truth, would consider in 
how far they themselves are responsible fur its existence, As 
a rule the public wilt have cheap things: whatever other 
attribute they may have, this of cheapness they must possess. 
The instances are very few and far between, indeed, when 
they insist that good, fuir, honest work they must have, 
and when they avow themeclvcs ready and willing to pay a 
good, fair, honest price for it. The position is, as a rule, 
quite the reverse of this. And recurring to what we have 
said above as to the moral injury done to workmen who are 
kept persistently at tho doing of cheap work, it is difficult to 
see upon what grounds the general public base their fault- 
finding as to the difficulty of getting workmen to do good 
work. They have been and are daily doing their very best to 
place them in such a position that to mect their desire, or 
rather determination to have chcap work, the mastcrs have 
heen, so to say, compelled to educate—to train—their 
workmen in the doing continually of work which masters 
and men alike know to be bad. Bad in reality, bad in its 
moral influence, bad all round—everywhere and everywhen, 
Ag things aro, the public keep working round in a viclous 
cirele, which perpetually returns into itself, and towards the 
contre or vortex of which they compel or force all to be drawn, 
Healthy Influence of Work done in the Best Way, upon 
Trade and Employment, 

Time was when our technical and industrial work was 

Gone on wholly different lines—when masters and men alike 


held the highest views about work. They then prided them. 
selves on doing only the very best work they could do; and 
the modern style of work and the modern class of those 
who do it, known now only but too widely and but too 
well by the names of “scamping” and of “scamps,”’ were 
quite unknown. In those early times, the truly golden age 
of our working history, whenever and wherever English work 
was done or English productions were met with, the very 
fact that they were known to be English stamped them 
with the highest value. And this simply because the term 
“English or British made” was understood, and best of all 
believed, all the world over to be but a synonym for every- 
thing which constituted the highcst value in the materials, and 
the best possible work of which human skill and knowladge 
was capable in its making or construction. Wo are far from 
saying that this has so completely changed that it does not 
apply at all to our present position as makers and producers, 
So far from this, we believe that it is just because there aro 
many masters und mcn of the high class named above— 
the true aristocrats of British technical and industrial work 
—who still keep up the old reputation of English-done work, 
-—more of this class than of the bad opposite,—that we to 
a large extent still maintain our anpremacy ag produccra. 
Such men, with such work as they do, constitute in very 
truth the salt which prevents our going to utter decay. It 
was this grand principle of giving our very best work which 
formed the foundation and which raised the superstructure 
of that fame which placed Dnglish work and English pro- 
duce at the highust point of reputation, It waa this which 
created and maintained the world-wide markets, which brought 
customers from every quarter of the globe to our shores, But 
to this, which forms the brightest page of English technical 
and industrial history, there hus been, as we have seon, 
a sad and a shameful reversc. That desire of so many 
—that “hasting” to be rich—has from very small beginuings 
reached to such a point of development that on the very 
largest and most extensive scale, manufacturers and trades- 
people, in order to make a market, and above all to realize 
profits quickly, make deliberately and purposely goods of the 
poorest, and yet in auch a way as to havo all the oxternal 
appearances of the highest quality. These have been gent, 
arc being sent daily, to all parts, flooding markets with their 
debased products, to which markcts formerly none but the 
very best products of English work were sent. At first this 
policy—for it was but this and nothing more, having not a 
shred of suund principle in it—succeeded. It took time 
for it to do ite evil work; but it did not take long, and 
when at last ‘wo wore found out,” such produce naturally 
and properly was objected to, and by many of our former 
customers refused to be had at any price, And to such an 
extont was this policy, suicidal in every scnsc, carried out, 
that in many markets—and unfortunately for our national 
intcrests, vastly too many—where in the better, the “ brave 
days of old,” “Nnglish made" was but an equivalent for 
everything that was good in material and sound in make 
or construction, the term became a synonym for all that was 
the reverse, Need it then be wondered at that other countries, 
competitors of our own in the world's markcts, aw and care- 
fully noted all this? They did see it, and were not slow to 
avail themaclves of the opportunity which it afforded for them 
to gain what probably they never would have gained but for 
this our own silly stupidity, to give it no worse name—the 
commerce of what were at one time our markets and oure 
only. Our foreign competitors began, therefore, the making 
of goods for those very markets; and by giving honest, that 
is, good sound materials, and the very best of workmanship 
of which they were capable. they in some markets fairly 
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ousted us from our former position, It {a a matter of notoriety 
—so notorious that no one can, even if they have the hardl- 
hood, dispute it—that markcta of which at one time we held 
the exclusive monopoly are now guite lost to us. It would at 
this period in our history be impossible to sum up the amount 
of work, and by consequence of money, which has been Jost 
to us asa nation through thia cause alone. If it were possible 
to arrive at some catimate of this loss, the mere amount of 
it would be so appallingly large that it would surely strike 
those who are even now doing their very best to perpctunte 
a system which has brought directly about such an enormous 
loss to the nation. 

From a very early period in this pitiably sad part of 
English industrial history, the far-aceing, the prudent, and 
above all, the high-principled of our producera and workers, 
pointed out tha suicidal nature of a policy like this, and 
warned their less scrupulous neighbours of the inevitable and 
disastrous result of it. But while wisdom thus cried in tho 
streets she cried in vain, and matters procecded from bad ty 
worse till the bitter end was reached, and, as we have @aid, 
many markets once open were closed completely to our 
produce, But while, fortunately for ua as a people, this 
wretched suicidal policy of grasping present profits at tho 
expense of future work is the exception to that bigh-princi- 
pled mode of doing business which should be the cherished 
birthright of all trne Englishmen, atill sv widely ia the 
influence of this evil policy extended, and so prejudicially 
docs it now operate, that our high-principled technical 
authorities do not cease daily to raisxo their voice in carncst 
protcat against it. They avail themselvcs of crery opportunity 
to point out how the vital interests of the nation aro bound 
up With o policy the very opposite, and how those interests 
can only be secured by doing everything in our power to get 
rid of the evil system, which is rotten to the core in principle, 
and ultimatcly ruinous if persisted in, to the practice of our 
future trade, 


Some Practical Developments of the Violous Principle of doing 
Bad and Cheap Work. 


In an early paragraph we have said that it was not to one 
but to many causes or Intfluenecs that we owed that supremacy 
in production which gave us at one time the absolute mono- 
poly of the marketa of tha world ; 80 will it now be seen that 
the influences at work which have caused uy to louse much of 
that supremacy, and which have shut us out almost wholly 
from some, and to a large extent from a great number of 
markets, are alwo numerous and many-sided, But of these 
depressing causes there cannot be a shadow of a doubt in the 
minds of those who know intimately the actual facts and 
circumstances of modern practical, technical, and industria] 
work, that not the least powerful are the two we have been in 
the laut few paragraphs considering. Namely, firat the wide 
aud strong demand for cheap work; and second, the pro- 
duction of altogether bad or deceptive work,--that which 
aims at finding a market for goods which profess to be what 
they are not. Of these two influences there are many 
developments, the directions of which, if it may not be 
difficult to trace, it is not easy to find space to specify or 
number. This, however, is not here necessary: it will suffice 
for the purpose we have in view to look at one or two 
developments of these cssentially hurtful and vicious modes 
of doing technical and industrial work, from which one may 
judge of the whole. 

We have said the direct tendency of what may be called 
the “cheapening system” is deterioration. Of course it is 
not meant by this term that it merely or only lessens the 
value of the article produced or object made in those par- 


ticular instances in which cheap work is done. That reauit is 
an obvious and a necessary one, But by the term used ia 
meant this; that the cheaponing system is essentially one of 
deterioration, inasmuch as the more it is practised the more 
lessened ig the power to do good work even when that is 
required, and when it may bo willingly enough paid for, 
One cannot continue an inherently bad course without bee 
coming, the longer it is followed, all the less able to take 
to a good one, or having taken to it, to follow it on and up, 
It is the essential vice of all degrading work that the longer 
it is pursued the more degraded become those working at it. 
This, in fact, constitutes ity severeat punishment, 1t may 
therofore be reasonably anticipated that the punishment of 
the future for our persisting in the vicious cheapening system 
will be more severe than it has been up to and at the present 
time, And how severe that has been in lowering that “ power" 
which enables us best to meet the keen foreign compatition 
wo have now evory day to face, those bust know who have a 
practical and an intimate acquaintance with the facta and 
circumstances of our national technicnl and industrial work. 
As illustrating in a practical way the evil effect of the 
vicious aystema of production we have been considering, let 
us suppose two casas, which have, howover, but too many 
parallels in the daily practioe of traders, carriad on amongst us 

A largo contract for works required by a public department 
is announced, and estimates or offers invited, The amount 
involved is so large, and the work of that character, that the 
largest and wealthicst of our firms enter the compotition in 
the hope to secure the work—all the more necessary to be 
obtained as that condition but too well known in this country 
as “bad times” may be presumed to exist, It need seureely 
be said that the estimates of these high-class firms sre based 
throughout on this principle—that the best of materials are 
proposed to ba used, the best of work determined to be 
given, In bricf, they ure honest offers to do honest work, in 
the hope of deriving such profits as may acerue from it, but 
such only as may be legitimately expected. But it remaiue 
to be said—what can casily ba understood—=that. those honestly. 
drawn-up offers, with an honourable intention to fulfil them, 
have to be placed in contrast with offers from other firma, 
What honourable standing in the truc sense of the term those 
other firms have, nay be guessed at from the statement that 
some of those “offers” are for amounta which could not 
possibly pay—for sums which could not possibly give, not 
merely good materials and sound workmansbip, but matorials 
moderntely good and workmanship even of a second-rate 
character, In brief, these low astimates or offers are 
apparently framed without any consideration of what is 
the real character of the work required, Competition of this 
kind it is obviously impossible for any honestly conducted 
firm to mect or face, In place, however, of simply and at 
once retiring from the field—in view mercly of the large gums 
as well as the value of the principle involved in the matter 
—it may be deemed right that some representation should be 
mude concerning it in official quarters, The mere position 
of the members of the firms may ensure whut is not always 
easily obtained—an official hearing. It docs not concern us 
to assume cither that the result ia favourable, or that things are 
permitted to iake the course but tov frequently fulluowed— 
that is, to allow the question of price alune to determine the 
matter, this being in favour of that offer which is the or 
amongst the lowest, In all cases where low offers or cstimates 
decide the question on which work is to be yiven out, it may 
well be asked what chance have firms who only give good or 
the best of work with those who cannot possibly have any 
regard to the honesty of the work they propose to do, if that 
is to be measured by the price which they ask fur it? If well- 
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conducted firma are to obtain work at all under such circum- 
stances, what resource can he left them but simply to follow 
in the snmc evil course, and be perfectly indifferent as to the 
character of the work donc, so only that it can be cheaply done 
and have @ profit somehow or other screwed out of it? 

It is not always casy, in many cases it is impossible, to 
divine or fathom the motives which induce parties competing 
for work to send in offera the amount of which cannot possibly 
allow cither good materials to be used or good workmanship 
to be given, But some of our rcadcrs—those who are youth- 
ful, at all events—will he somewhat surprised to learn that 
instances aro not quite unknown—serlously they are hut too 
froquently known-—-in which the parties competing, and who 
have sent in “offera"’ of the lowest kind, altogether incom- 
natible with work having even an approach to moderately or 
possably good—have been not on the verge of bankruptcy, 
but at the time actual bankrupts, With such, and others 
hut too like them, the only object is to get work, no matter 
how; and getting it, to do it in the best fashion possible 
under the circumstances—which fashion may, even by in- 
experienced readers, be gucased at. What Influence this style 
of doing businoss has on the character of work, but more 
cepecially on the character of those engaged in doing it, may 
be guessed at, But if we further consider that work of this 
class goca to foreign countrics, their governments, or to 
private consignecs abrvad, one can easily understand what 
the influence will be on the actual prospects of our trade, 
If such foreign peoplea have not already begun to compete 
with us in work of the kind, the loss and disappointment 
arising from the bad work they have got from us will add 
another to the many strong reasons they in common with 
other forcign peoples always have to enter into competition 
with ua, and to do their own work for themselves. Or if 
alrently in some way competing, the influence of this unfor- 
tunate experience of our bad work will be such as to make 
them carncst to make their competition all the more powerful 
than before, And thus it inay come about that, in place of 
doing their own work only, they may do it go well an to tuke 
up a wider ficld of competition with us, and supply peoples 
other than our own whom we have at one time supplied: 
Such, in point of fact, is the actual phase through which more 
than one competing nation has entered the field with ua to our 
own great loss and detriment, Looking at the matter from 
A common-sense point of view, this would appcar to be the 
wise and worldly-prudent thing for us to do: namely, to 
give such good work to forcign customers that they, being 
thoroughly aatisfied with it, will have no desire to do it for 
‘hemeelves, fecling that they could not be better served than 
by coming to us. What is the result of the opposite course 
we unfortunately in too many cases know but too well, 

We now suppose another practical illustration, showing the 
evil developmenta of the cvil principles we have been con- 
sidering, which also has its parallels but too frequently in 
practice. There are in thia country certain very important 
branches of technical work carried on, which require certain 
materials of & more or less costly kind. The making of those 
materials gives rise to another and correspondent class of 
work, involving as a rule not merely the application of 
principles of the highest scientific value, but extreme care in 
manipulation and general treatment of the substances. Qur 
best establishments, whose interests are to do the best of 
work, use naturally the best of these materials. Now here 
comes the point, Let us suppose the following, as for example, 
(1) That the best materials are procured from abroad, the Con- 
tinental makers excelling ours, So much go that ow makers 
cannot, at least asa rule do not, offer samples or sell in bulk 
materials of the same quility, That what ag a rule is offered 


for sale by our makers is not to be relicd upon as posseasing 

the same purity and value as that offered by their foreign 

competitors, or if it be as good at one time, is not so at 

another. (2) That the foreign makers, on the contrary, offer 

what is almost always in the state of purity it claims to be; 

and where quality varica, the variation is plainly pointed out 

by the seller, and the price is in proportion to the purity or 

quality. (8) And that to adnulterate or to be carcless in the 

production of the matcrials has as yet, at all events, not been 

thought of by many foreign makers: on the contrary, that they 

make every effort to improve the manufacture and to economize 
production ; and where that economy is secured and the cost 
of production lowered, the English purchaser is always made to 
participate in the benefit by being asked a lower price, And 
suppose further, (4) that the foreign maker is not seldom 
known to devote his labours to the making of one product only, 
giving his best energies to the perfecting of the proccss of making 
it, aiming not so much at making large quantities of it as 
at making what he does of the very best quality,—and if 
as the natural result of all this ho increases his trade, and 
by this means his capital, ho often devotes a large part of 
that to the improvement of his trade. Suppose that all this 
constitute existing facty,—some of our readers connected with 
certain trades will know very proctically, and possibly pain- 
fully, whether they be so or not,—-and that such at least at 
present ia the state of the tradc carried on by the foreign or 
Continental makers of the matorials in question, and which 
are as # Yulo preferred by our best or high-class manufacturers 
or tradera who use them in their business, The reader will 
naturally say that this method of doing business is sure to be 
auccesaful, for it is the best way. And they—at least some of 
the Jess experienced of them in the ways of trade—will be 
disposed at once to conclude that this best way is also that 
followed by at least the majority of English makers of the 
same materials, Let us finally suppose that this ia not go. 
Surprige, in that case, will not be expressed at the fact that 
some, if not all, of our English makers should complain 
bitterly that they are not able to compete with the forcign 
makers, who therefore take the best of the trade. Some of 
our readera will conctude that the true ground of surprise 
would be if, under the circumstances named, our English 
makers expected with their system the result to be different, 
Doing business in the way we have becn enpposing they do, it 
would be a truc aurprise if they ceudd compete with their 
foreign rivals, Not merely in the particular case cited, but 
in other departments of manufacture of substances used in 
trade, it is too frequently the case with us that, however 
careful makers are in the early stages of their business to 
make their materials good so as to get a reputation for them— 
when once that reputation is made and the busincas pays, they 
relax their efforta, They got carcless as to the high quality of 
their products, contenting themselves with the reputation they 

formerly gained. It would be well for our trade interests if, 
in euch cases, carelessness in the original method of making 
were the only result, Too frequently adulteration is resorted. 
to, in order to increase profits, This adulteration, indeed, is 

with some in the trade practised from the very first, And 
in connection with at least one branch of work cited above, 
it is @ curious thing to note that some users do not complain 
of the materials being adulterated,—what they do complain of 
is the deceit practised, the “ trick played " or attempted to be 
played upon them, in passing off materials for whnt they are 

not. And here it is worthy of note that it seems to be the very 
irony of fate that some English tradesmen should go bitterly 

complain of the deceit of a system which was inaugurated 

by their own countrymen, and which so many of them have 
played off upon foreign customers, 
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THE JOINER : 
THe GENERAL PRINCIPLES AND THE DETAILS OF His WORK, 


CHAPTER I. 
Introduction. 
Tae material with which the joiner works, like that 
of the carpenter, is timber or wood. These terms are 
scarcely synonymous. Taken as separate or individual 
names, they in some measure indicate the difference 
which exists practically between the two classes of 
work, that of the carpenter and that of the joiner. 
When the term wood is used generally, it ia intended 
to convey the idea of the kind or class of material 
ybtained from trees, large or small ns the cuse may be, 
and which as a constructive material is known to 
possess qualities very different from the other con- 
structive materinls known as stone or iron, But 
when we como to use the generic term wood, as 
applied to some definite kind of construction, we 
find that it assumes two branches, to one of which 
the term “wood” is still applied, to the other the 
term “timber.” And it may be safely held that 
even in popular estimation the term “timber” or 
“timbers ” conveys the idea of the material present in 
large masses, to which the names of “ balks,” “logs” 
or “beams” are applied (see the “ Cyclopradic Dic- 
tionary of Technical and Trade Terms”); and the trade 
concerned in the working up of which is also popularly 
understood to be that of the carpenter. On tho other 
hand, still keeping the distinct trade in view, when 
we talk of the generic nume for the material as 
being used, wo give the term “ wood ” or “ woods,” and 
conceive of its uxe in connection with the work of 
the joiner. And joiner’s work, wo all know, deals 
with the material in comparatively and actually small 
inasges or piecus; the work done with these giving 
@ very wide array of names 
The Distinction practically made between Oarpenter's and 
Joiner's Work. 

The distinction above glanced at in practice consti- 
tutes the difference between the work of the carpenter 
ond the joiner. The carpenter deals with the material 
in the form of long and bulky pieces, and out of thom 
arranges certuin large structures, forming the joints 
and piecing or placing them together, in order to make 
— keeping in view house building or construction only 
-—the floors, partitions and roofs. These may in one 
sense bo ealled the external work of the structure, 
but more correctly the general framework by which 
the walls are, so to kay, bound together, and by which 
the whole is covered to protect it from the inclemency 
of the weather. In this class of work the timber 
is left with its surface rough, just as it comes to the 
hand of the workman from the saw mill, or as it is 
imported direct from the “lumber” works of the 
forests of northern Europe, in the Old World, or from 
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those of America in the New, from which our sup. 
plies of timber are obtained. And while referring to 
the term “ forest,” it is curious and suggestive to note 
that the distinction between “ timbers ” and “ woods” 
in relation to size which we hive observed is 
carried out more or leas in the case of the places where 
timber is grown. Thus we know pretty well generally 
ethat when we talk of “woods” we refer to trncta 
of land under timber comparatively limited in extent, 
and benring trees not very large or very old; when 
we use the term “forests” we mean more extensive 
tracts, including very large and very old trees, and 
very numerous, 
General Character of the Work of the Joiner, 
Leaving tho specific work of the carpenter (see 
“The Carpenter ”), on tho other hand we find that the 
joincr takes the material in pieces of comparatively 
amall size or bulk, and cuts them into tho form or 
shape and the dimensious necessary for certain “ fit- 
tings” of the house —the surfaces in all eases being 
made clean and smooth; this being generally done by 
the operation of “plaining.” Tho “fittings” of a house 
in wood, or “joincr's work” ua it ix generally termed, 
come under two clusses--exterior and interior work. 
Tho exterior work comprises the external, front, back, 
or street, doors—tho window frames, and where stone 
work ix imitated in wood; bay and baw window 
work, eaves, cornices, barge boards, ete., ote. The 
interior work comprises tho floor proper, or the 
surfaces on which we tread, known as “ flooring 
hoards,” the finishing of these at the purty where 
they join or come up to the walls, known as “ skirting 
boards,” “ dados,” and the like; the interior furnishings 
of the windows, os in sill, architrave, shutters and 
shutter-boxes, interior doors with their architraves, 
and panelled work, Chimneypieces formerly con- 
stituted an important part of the work of the 
joiner. But wooden constructions are now almost 
wholly superseded by stone, marble, cnamelled slate, 
and for bed and Joss important rooms cast-iron 
chimneypieces. A very important part of the work 
of the joiner is the design and inaking of the wooden 
staircases by which conunmunication is had from one 
floor to the ¢sher—and in connection with this the 
department of hand-railing, The class of work done 
in those two departinents—staircasing and hhnand- 
riling—is in many cases 0 difficult, and involves, 
especially in the case of hand-railing, so many 
intricate problems, that they are frequently 
pursued asx a distinct trade. The various inside 
fittings of a honse, such as shelving, ete., all come 
under the domain of the joiner, who also under- 
takes all the iron work connected with doors and 
windows, ete., ete, and which—as hinges, latches, 
locks, etc., ete.—are known generally as “furnituro,” 
such as dvor furniture, window furniture. 
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Brief Historical Glance at the Art of the Joiner—Its Technical 
Suggestions. 

In considering the relative antiquity of the two 
trades, the carpenter and the joiner—although the 
two are frequently combined in one individual— 
there is no doubt that the palm of seniority must be 
awarded to the trade of the carpenter. Shelter was 
a primary necessity (see the series of papers entitled 


“The Carpenter,” and that of “The Stone Mason * 


and “The Bricklayer”), And this, as we have seen 
from those papers, would at first, and for long, be of 
the roughest and rudest kind. But as the arts of civili- 
sation multiplied, the demands for mere shelter from 
the inclemency of the weather would be supplemented 
by those which a desire for something more than 
shelter—namely, that for comfort—would evoke. 
And as wealth increased those internal fittings, which 
at first would be of the simplest kind, would be made 
more luxurious, and both in general form and in 
detai) would begin to minister to that tuste for the 
beautiful which seems to come with inercnse of 
comfort and of Juxury. We can ensily conceive, then, 
that at first, as tho interior fittings would be rough 
and heavy, and the conveniences clumay, the car- 
penter who had framed the timber work of the house 
would take in hand the making of those fittings. 
And it would only be ot # later period, when the 
fittings became of a Jighter character and more 
ornate in design, and consequently more difficult in 
construction, that finer nnd more costly tools would 
be required than those in use by the carponter, and 
in keeping with the tendency to promote division 
of Jabour, which naturally brings with it an acquire- 
ment of gronter skill, and which was early developed 
in the progress of civilisation and its varied arts, 
the making of the interior fittings of houses would 
become a distinct branch, and the special trade of 
“the joiner" would become established. 
Bubjects to be Treated of in the Present Paper. 

In tho present series of papers we intend to explain 
and illustrate not so much the tools and appliances 
with which the joiner works—ans those ean only best be 
understood when seen, handled, and worked with, or 
secn as worked by the hands of a skilful workman—as 
his actual constructions and their details, Nor will 
this be here necessary, as it is intended to devote a 
series of papers to the special subject of “ Handicraft 
Tools.” Our illustrations will, therefore, have reference 
moro to the form which certain parts assume, or their 
design, than to the way in which they are made by 
tools,—more as to what is made or done at the bench 
than how it is made. This latter part of the joiner’s 
duty can only be learned thoroughly by working at 
the bench, seeing how the work is done, and by long 
continued practice in the doing of it. This plan or 
mode of treatment does not preclude us, however, 
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from giving sundry hints incidentally, or more xyste- 
matically as occasion serves, as to how work should 
be done. As to which point all that is at presont 
essential to say is that the work should be honest 
work—the very best which the workman can give; 
no shirking, or “seamping”—as the graphic phrase 
of the workshop puts it—being at all admissible. If 
the very best which the young joiner can give be 
not the best which is wanted, that best will come 
in due course in virtue of practice and a dogged 
determination to succeed. ‘“ Rome was not built ina 
day,” and finished workmanship is only reached by 
patient and honest practice. Some may reach it 
quicker than others, for abilities vary with different 
men, But although the progress be slow, atill if 
improvement be clearly made, the young workman 
must not and need not be discouraged: quickness 
will come with practice, and good work also—the one 
thing required in all cases being a determination to 
do one’s very best. 
Classification of Joints, 

The first department which shall engage our attention 
will be that of methods of joining pieces of timber 
together which are placed or lie when joined in certuin 
special relations to each other. This department is 
technically termed “joints,” and bears the same relation 
to the finished or completed parts a3 the “ joints” 
illustrated under the title of “The Carpenter” bear 
to the finished constructions—as floors, partitions, and 
roofs—-which see, Of the joints used in the joiner’s 
art it is not easy to give a precise classification in 
definite groups or families. This does not arise so 
much from their more number—although this, as will 
be scen, is great; but because several, so to say, 
overlap each other, and are dependent upon or are 
related more or less closely to some other. Some 
again so overlap with, or in principle so closely 
resemble, similar joints in carpentry, that it is not 
easy to separate the two by any distinct line of 
demarcation. In the present work this will not 
practically much concern us; inasmuch as both arts 
-——that of the joiner and that of the carpenter—will 
be found treated of in its pages. A classification of 
the joints used by the joiner into groups sufficiently 
precise to enable easy reference to be made, so as 
to become acquainted with their characteristics, may, 
however, notwithstanding what has been said above, 
be made, and will be here attempted. We begin 
with the joints used in joining two or more pieces, 
each comparatively narrow, and of equal, or it may 
be of unequal, breadths or widths, in order to form 
a flat surface, such ag a simple door. (See a suc- 
ceeding chapter on the different forms of doors in 
use.) When the separate pieces joined together are 
placed in their permanent position, in which they 
are subjected to certain strains tending to separate 
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them, after they are joined individually, or rather 
after two or more contiguous pieces are joined, they 
are collectively held together as one piece by certain 
methods which again may come under another 
classification or group of joints. 


Joining of Boards together to form a Broad Surface.—‘' True” 
or Perfectly Flat and A@quare Bdges in Joined Boards. 

This is one of the cases alluded to above, in which two 
groups overlap each other, so to say, or are used in con- 
junction. In the group in question, the primary idea 
of the joint is to place two contiguous boards in rela- 
tion to each other, so that their edges shall touch one 
another throughout the whole length, the joined piece, 
or “board” aa it is technically termed, forming a flat 
surface, of which the breadth is equal to the sum 
of the two separate pieces. The simplest of all the 
joints in this group is obviously formed by preparing 
the edges of each separate board in such a way that 
the surface of each edge shal] be perfectly strnight— 
or “level,” as some would call it—from end to end, 
and that moreover each edge shall in relation to 
its breadth or width—that is, the thickness of the 
board or plank—be at right angles to its faces or flat 
surfaces, and that at any part of its length wherever 
tested by the “square.” An odge thus formed—the 
tool called the “plane” being used to produce it—is 
called a “true,” or a “ perfectly true,” edge; and 
when two such edges are brought in contact, as at a 
and 6 in fig. 1, the joint is eaid to be a “true joint,” 
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In some cases, as where a joint pretty fairly air- or 
water-tight is required, or for other reasons, the edges, 
in place of being at right angles to each cther as at 
a and 6, are made to slope, or ure “bevelled” or 
“splayed” off, as ated and ¢f, Those when joined 
or placed together give a less direct course, so to say, 
from one surface to the other, or to the line of 
joint. So also in the forms of joint ut gh,7j, in the 
eame figure. In this case, as in the joint at ab, the 
edges g i. and ef must be perfectly “true”; the angle 
being once decided upon, and the “bevel square” set 
to that angle, the face must be true to that at any 
and at all points in the whole length of the joint. 
If this be not secured, as also in the case at ad, the 
joint will not be “true,” and the two pieces will not 
be square or flat, but will “ride” or jog or jolt 
when moved. Absolute “truth” is requisite in all 
jointe. 


Joining of Narrow Boards together Edge to Edge to form 
Broad Surfaces. 

Tt is obvious that, howover accurately the edges at 
ab,od,in fig. 1, may be made, the two pieces when 
put together will be separated with extreme ease. In 
rough work nails may be driven in diagonally at each 
end, and at various parts of the length of joint. But 
in superior work, where joints technically termed “ fair” 
are required, methods other than this rough, if ready, 
mode of keeping the boards together are adopted. In 
fig. 2, the joint used when boards are “tongued and 
grooved ” is illustrated. After the edges, as a and 6 
in fig. 1, are planed or made “ true,” a recessed part, 
technically called the “ groove,” is “ploughed” out 
by a plane used for this purpose, along the centre of 
the edge, shown at ¢ J, fig. 2, the full longth of the 
board; this is shown in section at ¢ and d on the 
edges of the two boards a and b, The two boards 
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thus grooved on their edges nre brought up edge ta 
edge, and a long, narrow and thin strip, technically 
called the “tongue,” but considered as a soparate 
pieco frequently termed a “fenther,” is driven in 
tight, ns shown at gy. Or the one half of this-—shown 
in section ut h—may be driven in the groove of one 
piece, f, and when in place the groove of the other 
piece, ¢, may be passed over the projecting part of 
feather or “ tongue,” and then “driven home,” as the 
technical phase has it. The tongue or feather gor A, 
while fitting tho xpace formed by the two grooves, 
when the pieces @ and 6 are brought together, as 
nt ¢ f, must not fit too tightly, ns when “ driven 
home” it ig apt to splil the sides of the groove, 
Another method of joining boards together edge to 
edge is shown in fig. 1, at 9 kl m no, in which 
the projecting purt at j, or tongue, enters the groove &, 
the edges 7 and m, » und o, butting or lying against 
ench other, This forms a secure and an tir- and water- 
tight joint; and many modlifications of its principle 
will be met with in the illustrations yot to be given. 


Joining of Boards with Bibs—Preoautions to be taken in 
Wailing on the Ribs to the Boards, 

A very simple method of joining boards or planks 
together, edge to edge, is shown in fig. 3; the two 
boards a and 6 are brought up edge to edge at «, 
and the joint covered with a “slat,” “batten,” “rib,” 
“ firring-picce,” or “ bar,” d, or “roll,” m, broad enough 
to puss some distance beyond the joint on each side of 
it. This method is generally adopted in the construc. 
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tion of superior sheds and timber houses, In work of 
this kind, as the boards a and d shrink laterally, tending 
to separate from each other in the direction of the 
arrows ¢and /, widening the joint at c, great care must 
be taken to nail one rib or feather, d, to one only of the 
boards, either a or b. If nailed to both boards, a rupture 
either of the rib d, or the odge of one of the boards 
or the edges of both pieces, will be almost sure to 
take place, giving ugly splits, and destroying the 
integrity of the connection as @ good air- and water- 
tight joint, This splitting of the wood is caused by 
the great power of shrinkage of the boards a and J, 
and which being, as it were, encountered or resisted 
by the rib d, preventing them separating, the shrinkage 
force is greater than the tenacity of the small part of 
the edges of which the nails take a hold, so that part 
gives way. But when ono rib d is nailed to one of 
the bonrds, ag b only, as we have shown is the rule in 
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sound work; when the +rhrinkage takes place, the 
board 6 is free to move away from the board a with 
ita nailed rib d, so that no strain is thrown upon 
the board @ and rib d. When » shrinkage ceases, and 
swelling of the boards takes place, as in damp weather, 
the boards meoct aguin at the edges ¢. To allow of the 
boards giving and taking a little in case of damp 
weather, the joint ¢ should have a little “play” given 
to it—that is, the boards a and 6 should not be allowed 
to be pressed up very closely together when the rib d 
is nailed to one of them, When the ribs, as g, are 
fastened by two nails, as shown in fig. 3, the action 
of the expan:ion of the two boards, in tending to 
eplit the wood, is represented by the arrows e and /. 
In fitting up boards in this way, the “ joiner” will 
have to exercise his judgment, dependent upon the 
condition of the boards and the state of the weather 
at the time cf fitting them up, Allowance will have 


to be made when the boards are damp or ill-seasoned, 
or vice verad. The elevation is shown between, at jj; . 
the ribs, as ¢d,are in superior work splayed or chamfered, 
as at kk or f, or made half round, as at mn. 


Joining of Boards Edge to Edge by Sunk Feathers or Ribs— 
Rebated Edges. 


Another method of joining and securing boards 
together is illustrated in fig. 4. In this cach board 
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is either worked or tooled by hand, planed or cut by 
machine, 80 as to leave the edges formed as at ¢ and /. 
This form of edge is technically called a “rebate.” 
When two boards are placed edge to edge together, 
spaces are formed between them, running along the 
whole length of the boards. Into those spaces, tongues, 
fillets, feathers, or alats, of section as at A in fig. 2, of 
dimensions a trifle less than the size of space, are passed 
into it, and secured by nails which may be driven in at 
the back—the nails, asin the case of the method at 
a, being driven in at one board only. The “ fillets ” 
are shown in place at gand 4 in cross-section, and at 
¢and j in front elevation. 


Joining of Boards— Quirk Moulds, tongued and grooved, and 
with Quirk Bead. 


_ A modification of the method shown at j kl mno 
in fig. 1 (ante) is illustrated in fig. 5, as at @ 6 ip 





Fig, 6, 


elevation, and as at a’ b', a” b" in section; the boards 
being alternately tongued and grooved as at a’ and d’, 
The edge on the face of the boards or planks a and 6 
is finished with a moulding known as the “quirk” 
moulding, as shown at 6’; the other face may have 
only plain joints, or the edges of both boards may be 
provided with quirked mouldings, as in the drawing. 
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THE BRICKLAYER OR BRICKSETTER. 
THE PRINCIPLES AND PRACTICAL DETAILS OF His WORE. 





OHAPTER I, 
Introductory, 
Ir ig not necessary to inquire into the relative 
claims tv superior antiquity of the sister arts of build- 
ing in stone and brick. Unnecessary, in any practical 
sense ; for as regards the history of both, their origin 
is so ehrouded in the mists of time, we have to go 
back to nges so remote, “ hoary gray with eld,” that al] 
that is left us is but crude conjectural notions of tho 
vaguest and most uncertain. Examples of construc: 
tion both in stone and brick are met with in various 
parts of the globe, the times of which are so remote 
that the very names of the peoples who built them 
are almost, in some casos wholly, lost. And of both 
materials, stone and brick, examples of construction are 
met with, the work of peoples who flourished so long 
ago that they formed the very earliest nations, who had 
become go civilised that they practised various arts, and 
that in so marked a style of excellence that we moderns 
have nothing left but to admire and wonder at their 
work; so far are any oxumples of ours from approaching 
the standard they had reached. It is always inter- 
esting, and not seldom is it fraught with lessons of 
practical value, to inquire as closely as may be open 
to us into the early history of the practical arts, and 
to trace, if possible, the successive steps by which they 
have reached the position of practical efficiency, if not 
of absolute perfection—if this last condition be indeed 
an attribute of any work to which man puts his hand, 
and to the designing of which he puts forth the best 
and highest of hismental powers. Whereas in tracing 
the origin of arts such as those of building in stone and 
brick of such remote antiquity, conjecture is only left 
us; and one conjecture may be taken as of equal value 
with another, in so far that both at least may be not only 
possible, but reasonable, In this way, so far as regards 
the relative claims to antiquity of the arts here referred 
to, we may hazard the conjecture that of the two brick 
building was the first to be practised. In the very 
earliest times, as the poet sings, “ wild in the woods 
the naked savage ran,” and the first advance from 
this wretched condition towards providing himself 
with shelter would be either hiding himself in tho 
ready-formed caves and holes of the earth, sheltering 
himself under the shade of recumbent and super- 
incumbent rocks, or raising rude huts of tree-trunks 
and of branches. (See the paper entitled “ The Car- 
penter.”) But in regions where wood was absent, and 
the diversified surface of hill and dale and rocky pass 
and glen of other countries was represented, as in many 
parts of the East, by vast plains the soils of which 
varied from loose and shifting sand to clay or clayey 


earth of greater or leas consistency,—here, where the 
sun beat fiercely down, and was but rarely obscured 
by cloud or mist, mere shelter would be a far less 
important consideration than in the colder and bleaker 
regions of the West and of the North. Even now, in 
the sunny lands of the East, the tent gives all the 
shelter that is needed, and failing that, as in wan- 
dering from place to place, where to plant the tent 
involves labour, which in that lazy nnd is too often 
grudged, the “shadow of a great rock” suffices, 
Man from the earliest times has ever boen, as some 
have defined him to be, a war-loving animal, and 
whether indulging it from pure love of its exciting 
dangers, or from a desire to tako from his neighbours 
what he himself does not poxsess, or possessing, 
desires to add to, man hns from enrliost times 
given almost the first place to war and the arts of 
war, More bodily shelter in thoso warm climates 
being but, as we have scon, a purely secondary 
coysiderntion, what structures at first wore built or 
heaped togother would have more for aim shelter 
and security against prediutory foes or warlike neigh- 
bours. In those carly times, when existed widely 
"Tho good old plan, 


That those should take who had the powar, 
That those should keep who can,” 


there would be on the part of those who had taken 
an endeavour to keep what they had acquired. So 
that structures such as they were would have for 
their object not so much merely personal shelter as 
storehouses for “ill gotten gains,” which otherwise 
could not be defended against thoso who had the 
same desire to take what they could. 


Brief Glance at Early Briokmaking and Building—FPractica} 
Lessons to be derived from it. 

In the regions which formed the “first cradle of 
man” wide plains exist, and in some instances of 
vast extent, in some parts of which even the 
shadow of a grent rock cannot be obtuined. For 
purposes of defence, then, the most obvious of ull 
means would be the mound and the trench. “ Jurth- 
works”—which, in the curious changes which come 
about in the world’s history, form now an important 
department of the art of war—would then bo the 
prominent feature of construction, cither for sheller 
or defence, of the earliest times in such lands of the 
East as we havo alluded to. Where the soil was 
sundy, such earthworks, while made with the greatest 
ease, would, however, be of the Joust servico in the 
way of defence, nor could any great height bo ob- 
tuined in the sheltering mounds. But where, as in 
the plains on which the vast hills--for they ure 
literally so-—-made up of the remains of the once 
grand and gigantic city of Nineveh presented for ko 
long a period a perfect puzzle to the traveller, alluvia} 
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soil of a more or less tenacious character was met 
with, the mounds and trenches made in the first or 
earliest efforts at construction would be of a much 
more effective character as regards strength and 
size sufficient to resist attack. In the throwing up 
of mounds and the consequently following digging 
of trenches with a direct object in view, lumps or 
masses of soil bound or concreted, so to say, together 
would often be met with, The value of these lumps 
or masses, when used in conjunction with smaller 
pieces or more disintegrated material, in forming a 
mound, would not remain long unperceived. For men 
in almost every—except possibly the lowest—state of 
existence are inventive; some are specially and cleverly 
constructive animals, The use of such lumps, when 
sarefully assorted, would soon lead to the obtaining 
of a structure presenting some at least of the charac- 
teristics of what we call a wall. Nor, seeing the 
advantages of having the eoil in masses, would it be 
long before man would perceive that, in place of 
trusting to chance in obtaining such Jumps or masses 
capable in some fashion of being built so as to form 
a mass of a certain and a predetermined shape and 
extent—such chance as his rude spade and mattock 
would give him in diyying the trench for the raising 
of the mound—it would be a good thing if he 
could make those masses himself, Very little in- 
ventive knowledge would be required at first to show 
how tho tenacious character of the aoil could be taken 
advantage of in forming masses suitable for his pur- 
pose, this work boing greatly aided by tho use of 
water. In process of time tho great constructive 
advantages of having masses of definite size would be 
perceived. Further, that a wall—for that would be 
the ultimate form of the defensive shelter-placo— 
boundary, giving encloged spaces, could be built not 
only more quickly, but much more strongly, if those 
masses made, literally and truly manufactured (see 
“The Dictionary of Technical and Trade Terms”), by 
pressing soil together cither in its natural condition 
if moist enough, or by the help of water if too dry, 
were of small or comparatively smal] bulk or weight. 
For in time men would perceive that many small 
pieces or masses would bind together better than 
fewer and larger pieces; and hence the first concep- 
tion of the truly great constructive discovery of the 
principle of “bond” might be obtained. And it 
would, as a further step in constructive invention, 
be next discovered that this binding together or 
‘‘bond” of the separate masses would be better 
secured, and a stronger wall would be obtained, if 
the dimensions of each maas bore a certain proportion 
to each other, as length to breadth and both to 
thickness. 

At first, in all probability, the successive layers-—or 
“courses,” as in modern brickwork they are termed 
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—thus formed of smal] masses or pieces, would be 
made to cohere together or pressed into a mass to 
give stability and permanence, by using the pieces 
while they were soft and capable of being pressed or 
squeezed together. We have as little knowledge of 
how “ mortar” was discovered, and its vast advantages 
in construction began to be availed of, as we have of 
the origin of the arts of masonry or of brickwork ; 
that it waa first used in stone construction is exceed- 
ingly probable,—just as it is most likely that what 
led to the drying of the hand-made or manufactured 
masses of adhesive soil was the difficulty in carrying 
them from the places where they were made to those 
at which they were to be used when in their moist 
or soft condition. And this characteristic would be 
still more felt as a disadvantage when handling the 
pieces in building or constructing the wall or mound. 
And when dried, and thus more readily transported 
from place to place, and more easily handled when 
used in building, the further step of having some 
medium by which the dried pieces could be kept 
together, or in close adhesive contact, would follow. 
Mortar or cement of some kind would thus be intro- 
duced into use, 


Unburnt or Sun-dried Bricks—Burnt or Artificially Dried 

and Hardened Bricks, 

This drying of the pieces in the East—tho cradle of 
the human race, as it has been called—was effected 
sololy by sun heat, In those hot climates this is not 
only very powerful, but its continued influence day 
after day could be so reckoned upon, that it was a 
comparatively easy matter to obtain the pieces of 
cohering soil in a condition of dryness so complete 
that the whole muss throughout was hard and firm. 
More than that, this climate enabled the pieces to 
retuin their hardness when built up into wall or 
mound. In western lands, even if the all-too- 
brief intervals of sunny weather would have given 
heat enough to have dried the bricks sufticiently to 
hove made them casily carried from ono place to 
another, and handled in the work of building, such 
is the humidity of their “ weeping climates” that they 
would have been soon softened by the dump and by 
beating rains, so that the walls would have become 
masses more or less shapeless and weuk, and the 
pieces reduced to a soft and in some instances a 
half-slimy condition. Heneo the necessity arose to 
have the picces of cohering soil hardened by a more 
perfect system of drying than that of sun-heat could 
give; and henco in time came the art of burning or 
vitrifying them under the intense leat created by 
the special combustion of fuel, either in heaps or in 
some simple form of enclosing furnace. How and 
when this art of burning masses of soil arose, history 
gives us no note of, 


THE BRICKLAYER OR BRICKSETTER. 


Boman Bricks, or rather Tiles—Modern Bricks and 
Brickwork. 

Hitherto we have refrained from giving to the hand- 
made pieces of cohering soil the name by which they 
are now known to us—namely, bricks. The Romans, 
who used this building material most extensively and 
ably, formed their pieces of such dimensions that 
the term “tile” is moro applicable to them, or gives 
at loast a better idea of their shape, than the term 
“brick” as we know it. The dimensions of these 
tiles varied; and in place of being in form a puaral- 
felogram, like our bricks—-that is, of greater length 
than breadth—they were square. The squares ranged 
from seven inches and a-half up to twenty-two inches 
on the side, They averaged only one and a-half 
inch in thickness, or about one-half the usual thick- 
oces of the bricks we use. To this, as well as 
to the care with which the tiles were made, the 
care taken in setting them, and to the good quality 
of the mortar employed, must be attributed the lasting 
character of the work done by the Romans, work 
which has come down to our day in as perfect a 
condition almost ay when first constructed, This 
thinness of the tiles or bricks, as we may now call 
them, used by the Romans, that for reasons which 
will afterwarda be more clear, gives such a bond or 
stability to the structures in which they were em- 
ployed, has been imitated, or rather has in all 
probability been handed down directly to them 
through the long course of ages, by the Flemish 
brick-builders of the Low Countries and in purts 
of Northern Germany. This thinnoss of bricks as 
compared with ours is indeed a characteristic of the 
bricks used generally throughout the Continent, The 
Germans have long been famous for tho excellence 
of their brickwork. It may, indeed, be said that the 
finest work existing is to be met with in Germany, 
and it is to that country that our builders should go 
to atudy the capabilities of the material for the higher 
einges of architectural work. In this country we 
almost always associate with the employment of brick 
structures which, however useful, have comparntively 
little claim to be architectural works of a high class. 
The only exception to this is afforded by our domestic 
buildings or houses. And no doubt it is a wide one, 
embodying some fine examples of what, with good 
materials and honest work, brick os a building 
material is capablo of, 


Brickwork in this Country chiefly confined to Domestic and 
the Smaller Classes of Structures; rarely applied to the 
Construction of Large Public Buildings, as on the Con- 
tinent, 

But brick with us is rarcly—-we may say never, a8 

a rule—thought of as a material for buildings of a 

large or public character, and which have claims more 

or less complete to be considered architectural works. 
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It is to the Continent, as we have said, that we must 
go to see what brick is cupable of doing, with artistic 
treatment and careful building, in embodying the con- 
ceptions in ornamental as well as in plain building. 
The traveller who has visited several of the Con- 
tinental countries must have had but small power of 
observation if he has not noticed, and with admira- 
tion, not a few examples of large and fine buildings, 
especially churches, But it is perhaps in Northern 
Germany, above alluded to, that the finest brick 
buildings are to be met with. Wo might, for oxample, 
specify the eathedral at Lubeck as n work showing 
what can be done with brick in the hands of an able 
architect aided by first-class builders. With us ornn- 
mental brickwork is but a thing of yesterday, and 
its employment even now is decidedly the exception 
to the general rule, which embraces plain brick-setting 
only. And even where ornamental brickwork is 
attempted, its effects are sought to be obtained by 
colour chiefly, or by surface work, with the use of 
variously tinted or toned bricks, We have done little 
or nothing in the way of giving the varieties of form 
or outline in brick-setting, But on the Continent 
there are not « few fine examples—ns, to wit, the 
Lubeck cathedral, above alluded to—of what can be 
done in piving almost every varicty of form in 
architectural decoration by the use of brick alone. 
Before Jeaving the retrospective or historical part of 
the subject, it will be interesting to note that, although 
wo almost always associate with our concoption of 
Grecian architecture, the finest which tho world has 
ever produced, stone as the materinl in which its 
beautiful characteristics have been landed down to 
us, brick was largely used by the Greeks, and used in 
® superior way, us indeed thoy used every material 
they employed in the fine and the constructive arts, 


Kinds or Classes and Qualitios cf Bricks used in this 
Country. 

Before we proceed to explain the poculiarities of 
practienl brick laying or settiny, in the construction 
of the various works of the builder, wo shall consider, 
as briefly as may be, the kinds or classes of bricks 
used in this country, and note some of thetr churac- 
teristics and qualities as a building material, It does 
not come within the «chemo or the xeope of the 
present paper to describe how bricks are mde. The 
details of this class of work may perhups find a place 
in this work, should its limits be found capable of 
embracing them, in a paper in which the work of 
“The Briekmaker” may be fully expluined. Suifice 
it here to say that the bricklayer will be all the better 
if he knows something, ut least, as to how his bricks 
are made; and he ought, at all events, to know a good 
dea) as to the qualities of the soils out of which the 
brickmaker forms his bricks, for this knowledge will 


56 THR BRICKLAYER OR BRICKSETTER. 


be of use to him in deciding the value of the bricks 
made from the soils of certain localities in which 
brickmakera have set up their works. The rage for 
mere cheapness in constructive materials of all kinds 
—Wwhich has extended a desire but too widely that 
has done more than aught else to deteriorate the 
quality and to lessen the fame of English work——has 
not passed by those engaged in brick-building. Hence 
it is that not only the poorest of materials have been 
and are still being largely employed throughout the 
country, but the making up and the burning of those 
poor materials have been done in the cheapest and 
therefore the most ineffective of ways, Thus it has 
come about that an enormous number of houses 
und other xtructures have been erected with bricks 
of such poor quality that the signs of decay may be 
said to have shown themselves when the buildings 
have been Lut a fow yourserected. In some instances, 
indeed, months have barcly elapsed before this dis- 
graceful condition of things has been evidenced ; and, 
indeed, it would be quite correct in some instances to 
say that decny las set in before the bricks were used, 
Ho utterly worthless as a sound and lasting building 
material have they been. There is, beyond a doubt, 
© vast amount of bickwork done throughout the 
kingdom in which bricks are used which should never 
have been permitted to come on the ground—the very 
look of which, to sty nothing of any other and usual 
tast, should have been enough to condemn them as 
worthless for building, It ix only right, however, to 
state that brickmakers and bricklayers are not wholly 
responsible for this state of matters. Indeed, if the 
blame is to be placed in the right quarter, it will be 
found to rest chiefly with the proprietors of houses 
and with the cliss of contractors-—often, however, 
practical bricklayers—so well known in modern times 
aus those who “run up” houses made to sell, not to last, 
Thore are many who really build for themselves 
alone, but who will have their work done at the 
lowest possible price; so that, if the bricklayer is to 
do the work at all, he is compelled to buy choap mute- 
rinls; and the brickmaker, to meet his price, is equally 
compelled, so to say, to make bricks cheap and utterly 
worthloxs, when judged from the right standard of 
building. We do not here enter into a discus- 
sion of the points involved in the morality of the 
quostion—not that it is or can be apart from the 
practical points of it, for man not possessing merely 
physicnl properties, but possessing other and higher 
attributes, his morale cannot be got rid of ag a 
working element, even if he would get rid of it—but 
pimply because our space does not admit of our pur- 
suing the subject, practical as ‘+ is when viewed from 
its proper standpoint. 


a 
The Use of Cheap Bricks to be Avoided where Good foun’ 
Honest Brickwork is Desired. 


But this much we may say, that experience has abun- 
dantly proved that in this matter of business, honesty 
is the best policy, or, as we prefer to put it, the best 
principle; for it will be found that bricklayers and 
brickmakers who will not pander to the rage for cheap- 
ness as such merely, and who will not do other than 
the best work and make the best materials possible 
for thom, stand not only the highest in business 
reputation and in moral character, but find in their 
experience that this principle or policy pays them, 
and at an infinitely higher scale, than bad work does. 
And it is matter of pride that this high-minded and 
high-acting class is a wide one, If it were not ro, 
our material decadence would long ago have been con- 
summated. Some of our youthful renders may deom 
such considerations as these to have no practical bear- 
ing on tho subject of our papers ; but aa they learn 
the lessons of lifo they will, we venture to say, find 
that they have tho closest pructical bearing on worl: 
as it ought to be done. Work done from high-minded 
motives will be sure to be good work—must be ; work 
done otherwise may be. And the wise man wanting 
good work done knows which is best—to trust to chance 
or “may be,” or secure a certainty which must be. 

The Soils or Earths Used in and Best Adapted for the Making 
of found Bricks, 

We have said that the bricklayer or setter will be 
all the better if he knows something of the work of the 
brickmaker—at least, that this may or should extend 
to his knowledge of tho material he uses. <A soil of 
the highest quality is obviously necessary to give the 
best bricks, and the finest soil is that composed of a 
pure clay mixed with sand. Jt must be free from 
pebbles or hard nodules of etone, Soil largely mixed 
with vegotablo matter, or from which clay is largely 
absent, caunot yield bricks of the highest quality. 
Lime in excess is not w desirable constituent in brick 
Boil; neither are metallic substances, known as pyrites : 
these, when present in too large a proportion, act. 
during the burning process prejudicially, forming « 
species of flux by which cavities or air-holes in the 
interior of the brick, and cracks or fissures externally, 
are formed. When fluxing materials are present in 
moderate quantities they tend to ail tho proper de- 
gree of vitrifaction required. And on all good bricke 
this process is more or less partially produced—that 
is, a species of glussiness is given to the brick, at. 
least on its surface, which aids greatly its damp or 
wet resisting powers. This characteristic is obtained 
in perfection when the clay and sand are present in 
the soil in tho right proportions. Soils are sometimes 
met with in beds of greater or less extent in which 
those proportions are naturally present; and these 
constitute “ brick fields” of the highest elnss. 
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Hie Work IN THE LayiInc-ovuT or Roaps IN Rvgat, 
SUBURBAN AND TOWN DISTRICTS, THEIR CONSTRUC- 
TION, REPAIR, AND IN THE CHOICE AND USE OF THE 
VARIOUS MATREIALS EMPLOYED, 


CHAPTER I. 

Introductory. 
AtTHoves the principal portion of the inland pns- 
senger and goods traffic between all towns of any 
magnitude, and all localitiesof manufacturing, mining 
and trading importance, is now by railways, yet the 
main roads, and the township and other highways, 
will continue to be of great interest and importance to 
the rural community of the kingdom. The ordinary 
road communications throughout the country, which, 
little more than a quarter of a century ago, ere the 
. present system of railways was established, were 
those alone in use, atill continue indispensable to the 
requirements of the occupiers of land, the state of such 
communications having great influence on the value 
of landed property. And as the cost of maintaining 
the public highway still continues, as heretofore, to 
be chargeable upon the Jand ; the owners nnd oceupiors 
of landed estates hnve therefore every interest in the 
highways being kept in the best condition, and re- 
paired at the least oxpense. It may be taken na an 
axiom—too frequently, however, overlooked—that the 
more complete and perfect the manner in wich a 
road has been constructed, the more easily, and ut less 
expense, will it be kept in repair. However strange it 
may appear, it is none the Jess true, that whilst no 
difference of opinion exists as to what constitutes a 
good road, it is yet not a matter of univorsal agreement 
as to what are the best means of attuining that end. 
This anomaly arises from frequent ignorance of the 
correct principles on which the goodness of roads 
depends ; and it is with a view to point out, for the 
benefit of those it may concern, such principles of 
construction as will secure so desirable a result as 
the attainment of good and ensily maintained roads, 
that the following brief treatise has been under- 
taken. 


Firat Essential in the Construction of a Good Road. 

Dryness of soil on which a road is constructed is the 
first essential to its goodness. A road, to bea good one 
and easily kept in repair, must have the soil on which 
it is made of such a nature aa to bear the weight of 
any traffic brought upon it without any shrinking or 
displacement of its particles. The soil should, in fact, 
constitute the road, and the covering should only be 
considered as a hard and tough matter interposed 
between the weight of the traffic and the road to sup- 
port it, to protect the latter from abrasion of its surface 
by the motion of the former. And this to serve the 
same purpose that a thin sheathing of hard metal is 


frequently used for—as a covering for wood, or any soft 
material of sufficient strength for its purpose, to protect 
such wood or other materia] from injury by the friction 
of a heavy body in motion upon it. A road, to be 
considered good, should not, in any degree, be depen- 
dent upon the covering of stone for supporting the 
weight of the traffic upon it; otherwise no thickness 
or goodness of the material of the covering will prevent 
the soil of the road working through it, and thereby 
speedily lapsing into a ruinous condition. 


Disadvantages of Wet Clay Soils for Roads. 

The soils most liable to work through the stone 
covering of roads are wet clays, particularly blue gault 
or drift clay, wet or loose sands, wet peat soils, and bogs 
or morassos, In fact, any soil containing stagnant water 
is incapable of bearing the weight of tratlic upon it; 
and any rond made upon such soils will rapidly be out 
of repair, however thick and good its stone covering 
may be. The first thing, then, to be done in road 
making is to have the site of the roul thoroughly 
drained, if the soil contains stagnant water. 

Although dryness of the soil in which a road is made 
is the first essential of ity goodness, yet there are many 
other properties equally important and necessary to be 
attonded to initsconstruction. The properties alluded 
to will be xeparately discusned in the following para- 
graphs of the present series of papers. 


The Form of Road in ths Direction of ita Route or Leading 
Gradients or Inclines, 

‘For sufety in descending, and economy in conveying 
traffic in ascending hills, as well as in muintuining 
roads in repair, steep gradients or inclines in the route 
of roads should be as much as possible avoided. The 
greatest portion of travelling, und also of heavy triflic 
in the conveyance of poods, having been transferred 
from common roads to railroads, there may not be at 
the present day the sime reasons for having roads with- 
out steep gradients—-vither for the safety of persons, 
or for the saving of nnimal labour in the conveyance of 
goods —as there were in former times, Notwithstanding 
this, as common roads are stil] used to a considerable 
extent for travelling in vehicles drawn by horses and 
moving at & consideruble velocity, and also for the con- 
veyance of bulky and heavy loads, the limit of sufety 
in the gradient should be by no means disregarded, 
either in designing or laying-out a new road, or in 
altering the direction of an old one, Tho limit referred 
to is such, that the gradient, in attaining o height to 
be passed over, shal) be safe for carriages travelling at 
an ordinary speed. The ascent must be so limited thut 
the friction of the carriage sha]] overcome an accele- 
rated velocity in descending an incline, This limit may 


be ascertained by the force required to produce und 


maintain motion ina carriage on # level road, In this 
the weight of the carriage will be proportional to the 
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base, and the force required to produce and maintain 
motion of the carriage to the height, of the inclined 
plane down which the carringe may descend without 
accelorated velocity. 


The Angle of Inclination, or of Friction in Roads, 


The angle of inclination which will produce an 
equilibrium between the friction of a curriage and 
the force of gravitation to produce accelerated velocity, 
is enlled the anyle of friction, and it varios in roads 
of different construction and materials, Zhe rate of 
inclination of the angle of friction is the proportion of 
1 to the quotient arising from dividing the weight of 


nearriage by the foreo required to produco and main- 
tain its motion on a level rond. 


Force or Power required to move a Carriage on a Level 
Road, and on Roads of Different Gradients or Degrees 


of Inclination, 

Tho force required to produce nnd maintain motion 
of a carringe weighing one ton has been ascertained 
by the experiments of Mr. MacNeil on roads of 
different constructions and materials, The “forea,” 
or the “ friction,” on different round surfaces which are 
luvel, are here given :— 

(1) Well made pavement, 33 lb.; (2) Broken stone 
surface or old flint road, 63 1b,; (8) Gravel rond, 
147 Ib.; (4) Broken stone road, on rough pavement, 
46 lb.; (5) Broken stone surface, on a conercte 
bottom formed of Parker's cement and gmivel, 46 Jb. 

The following gives this ; the numbers corresponding 
to those iu last paragraph showing the inclination 
of tho rouds., 

(1) Lin 86; (2) 1 in 35; (8) lin 16; (4) 1 in 50; 
(5) 1 in 50, 

The results in tho last paragraph are the maximum 
rates of inclinution to insure safety in travelling—with 
the materials used as named in the first paragraph—in 
descending inclined planes in the direction of public 
roada ; but another, and scarcely less intportant con- 
sideration in lnying-out a public road, is ceonomy of 
the labour of the draught cuttle, 


Economy in the Drawing Power of Animals on Roadsa— 
Infinence of Gradients in Draught. 

The absorption of power in ascending inclined 
planes, is shown by a table given in the article 
“ Road,” in Morton's “Cyclopedia of Agriculture,” in 
which a comparison is given of increased dixtance as 
an equivalent of that on a level road, as due to the 
vertical height of various slopes of different rates of 
incline, From this we have prepared the following :— 

If we tnke as the draught or moving force, on a 
road having an incline or gradient of one foot vertical— 
or rise—in every five hundred feet an equivalent of 
that on uw level round of 1:102—a level road being 
unity—we find that if the gradient be increased to 


so great a rise as one foot vertical in every ten feet 
horizontal, the draught will be ag much as 6°067, The 
intermediate gradients, or rises, with their equivalents, 
are given as follows:—1 in 400=1°128, 1 in 8300= 
1/170, 1 in 200=1-255, 1 in 100=1°510, 1 in 90= 
1566, 1 in 80=1°637, 1 in 70=1°728, ? in 60=1°850, 
1 in 50=2°019, 1 in 40=2°274, 1 in 30=2°699, 1 in 
20=3°538, 1 in 10=6-067, 


Influence of Gradients or Steep Inclines on the Durability 

of Roads. 

So much for the effects of inclined planes in the 
course or direction of roads, both as to the safety of 
travelling in wheel-carriages in descending, and us to 
the economy in the Jahour of draught cattle in the 
conveyance of loads up the ascents of inclined planes. 
The last matter for consideration on this topic is the 
effect of inclined plunes in the diroction of roads, on 
their maintenance in repair, and on their durability. 
Whoever may have made any observation on the state 
of a rond upon an inclined plane, compared with that. 
on a level, will not havo failed to discover that in pro- 
portion to the steepnoss of the incline, the materials. 
of the covering of roads are moro liable to become 
looxe and be displaced, from whatever cause such 
loosening and displacement mny urise, When the 
incline is s0 steep ax to require that the friction of 
carriage descending upon it be increased by the use- 
of drags, skids, or brakes, to compensate the force: 
of gravitation in producing accelerated velocity, the 
dragging or sliding action of the wheels occasions great 
amount of weiring in the covering of the road, and @ 
much greater amount and cost of repair of tho rond, 
than when the incline is not so great as to require 
recourse being had to such expedients. 


Deviations in the Direction, Junction and Crossing of Roads— 
Mode of describing the Curve for Road Junctions, etc, 

In a deviation from a straightforward direction of 
n rond, the bend or change of direction should be as 
great or obtuse an angle as circumstances will admit 
of; and where it is possible, the bend should be by an 
easy curve instead of an angle, and the lines of the 
deviation should be tangents to the curve, The best 
curve for the purpose referred to, and also for the 
junctions and crossings of roads, is a parabola, The 
following gives the mode of joining two converging 
lines, given in position, as two deviating directions of 
a road, by a parabolic curve. Let ao and bd (fig. 1). 
be two converging lines, given in position. Produce 
aeand 6d until they meet in A, Join o and d, 
and bisect the line ¢ din g. Join 4 and g, and 
bisect g h in p, which, by the properties of the 
parabola, is a point in the curve, Join ¢ and g, 
and p and d, and bisect the lines ¢ p and p d, seve 
rally, in ¢ and &; bisect ¢ A and A d, severally, 
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in ¢ and f, and join ée and ¢, and f and &, and bisect 
the lines ¢ i and /4#, severally, in » and p; then 
p and p will be points in the curve of a parabola, 
The third point is at the p between hand g. Join ¢ 
and p, p and central p, » and p, and p and d; and 
bisect the lines op, p p, pp, and p 3b, severally, in m, 
g, 8 and w; also bisect ce, ¢ p, p f, and f d, seve 
rally, in n, 7, 4, and v; join » and m, v and q, 
tand s, and » and uw; and bisect the lines n m, 
rg, ts, and » u, severally, in p, p, p, and p, A 
curve drawn from ¢ through 7, p, p, p, p, p and p, 
to d, will be a parabola, to which the converging 
lines @ c and 6 @ will be tangents at the points 
eand d, 

The mode of setting out the curve in question on 
the ground is so obvious from what has already been 
shown as not to require any further remarks for its 


*. 
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elucidation ; and the operation will only require the 
use of u chain or tape line to measure distances, a few 
viraightening poles, and some pickets to mark the 
positions of ull the points marked p, as the same are 
found in the operation described. 


Roads crossing Rivers or Ravines. 

Whenever a road is carried over a river or ravine 
by a bridge, it should, if possible, be at a right angle 
to the direction of the stream or glen, as a bridge 
with a direct spun is not only less difficult and costly 
in its construction, but stronger, than an oblique or 
skew bridge; and the bridge, if its direction be not 
in that of the road, should be approached at both 
ends at as obtuse an angle as possible, and the 
bend formed by the direction of the bridge with that 
of the road should be by a parabolic curve, to which 
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the lines of approach should be tangents, as directed 
in the last paragraph. 


The Breadth given to Roads, 

Having fixed upon the direction, the next matter 
for consideration in laying out a new line of road is 
its breadth. This will depend upon the amount of 
traffic for which the road, at the prosont or a future 
time, may be required, 

No public highway for wheel-carriages should, under 
any circumstances whatever, be loss than fifteen 
feet wide, cloar way; twenty-four or thirty feet 
will be more froquently required; and for some 
distance from the entrance of populous towns—~par- 
ticularly of those having numerous and populous 
suburban villages in their neighbourhood—a brondth 
for a main or high round of fifty, sixty, or even 








Fig. 1, 


seventy feet, may be necessary. In addition to the 
brendths just mentioned for carringe-ways, rouds 
leading direet to towns should be provided with a foot- 
path, six, nine, or twelve fect wide, according to the 
population of the town to which the road leuds; and 
a path for saddle-horses, nine or twelve feet wide, may 
also be an advantageous appendage to main rouds near 
towns. The following rule will here be found useful. 

To find the area of yround that will be required, 
per chain or per mile, for a road of any given breadth 
in feet. Multiply the given breadth of the rond 
in feet by 66 or 5280, as the result may be required 
per chain or per mile respuctively, and the product. 
will be the area in square feet, which divided by 9, 
the quotient will be the area in square yarda, and 
which last result being divided by 48410, the quotient 
will be the area in statute acres, 
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THE OARPENTER AND HIS TECHNICAL WORK. 


ITs ORIGIN AND EARLY WOBK—PRINCIPLEB AXD 
THE DETAILS OF ITS PRACTIOCR, 





OCHAPTER II. 
The Origin of Jointe—The Half-Lap Joint. 
Ix the preceding chapter we concluded our remarks 
ander this head by pointing out how, in joining two 
pieces of rough or “round ” timber, as it is technically 
called, they would lie more “ sweetly” together if the 
two ends were flattened, as at d in fig. 12 (ante, p. 14), 
Now, we cnn easily conceive one of the carly carpenters 
or builders in wood, engaged in preparing the end of a 
piece of timber to be joined to another in this way, 
‘heing led to try the effect of cutting the end surface 
mway till a considerable depth in each piece was 
obtained, In placing them together he would find 
#8 & consoquence that the projections, as at the points 
¢and fin fig. 12, would bo lessened or lowered just in 
proportion ns the cut at d was made the desper. A 
Jittle thinking out of this consequence would lead 
him to couclude that a point of depth would be reached 
some tine, in continuing to deepen the cut, as at d, 
which whon reached aud the two pieces put together, 
the upper part of the piece @ @ would “range with,” so 
to express it, or be in # line with, the upper face or 
line of the piece U4, or, to use the technical term, 
“be flush,” The same would hold true of the under 
sides. Tho position of the two pieces would bo as 
shown ata b in fig. 18, the joint between thum assuming 
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the form ns nt ¢, The end of one of the separate 
picces would be as at dc; and the depth of the 
part of, or dg, would be found to be exuctly equal 
to half the depth, or the two together to the whole 
depth or dinmeter of the tree or brinch, asx at h, 

llore we have a true “joint”; and following upon 
‘that shown in fig. 12, which was in all probability the 
outcome of the first necessity—namely, to lengthen 
out short timbers—we may safely conjecture that it 
was tho first true joint used. It is still used, and 
largely, in carpentry, and in joinery often, and is 
known as the “hulf-lap joint,” as atin fig. 13, the 
simple lup (over), or full “lap,” being that in fig. 12 
at ef; at fig, 9, in last chapter (page 13), we have 
given a drawing of a half-lap joint in section, and 
in figs, 10 and 11 later and more advanced forms of 
what are culled “ scarf” joints, which grow out of it. 


Continuation of the above Subject, with. Practical Examples. 

In fig. 38, in the last chapter (page 12), we illus- 
trated, as one of the typical joints, a square joint 
—a method of joining a horizontal piece of timber to 
# vertical one. This forms one of our most elaborate 
joints, but we can easily conceive how it was preceded 
by other forms of a much simpler character, of which 
probably its first form was discovered in connection 
with a part of construction which in its direction 
would be as elementary as that of tying or binding 
two pieces together, as in fig. 12,at aa, 66. This 
would be the connecting with a horizontal piece two 
vertical posts or timbers stuck or forced into the 
ground to form, say, the side of an enclosing space, 
as a hut, At first, the enclosing wall, so to term 
it, of a hut or hovel would be formed by a series of 
branches, nearly of equal size, placed close to each 
other both for strength and for shelter from wind and 
rain. In process of time it would be seen that the 
purposes of shelter would be obtained as readily, 
where shelter was more essential than mere strength, 
and without the use of so qany thick or strong 
branches, by having the stronger ones placed at intervals 
in the ground, as at aa, bb, fig. 14, The tendency of 





Fig, 14, 


the posts to separate from or to fall towards each 
other, if left unsupported—a tendency the stronger the 
higher the posts, so to call them, or the thinner they 
were—would be counteracted by introducing a third 
piece of timber—technically now called a “ member,” 
This would naturally be placed horizontally, as at ¢ o, 
and at first would be secured to the posts at the twe 
points in the simplest way-—by tying them together 
with some vegetable fibre or the branch, as of 
that of a willow, as in fig. 12, atc. A number of 
these horizontal pieces placed at intervals in the 
highest of the poste, as at d ef, would obvioualy 
give facilities as holding-places for interlacing the 
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smaller branches, as g g, running vertically, Those 
with their interstices filled up with leaves, or, better 
still, moss, which would be found to be valuable for 
many purposes, would form a screen or wall, so to 
call it, which, for preventing access to wind or rain, 
would form no contemptible enclosing surface. 

But this arrangement, while it would be proved 
to give strength with fewer strong vertical timbers or 
posta, would be seen to be an ugly or awkward joint, 
possessing all the defects of that at ¢/f in fig. 12. 
The deaire for even surfaces—that is, the absence of 
all projecting parts—would soon be created, and some 
method of obtaining this in the present instance would 
follow. Possibly the firat attempt to have the hori- 
zontal piece at its ends eithor within the line of the 
vertical pieces ina a, 6 b, fig. 14, or in line with them, 
and what is technically now called “flush,” would be a 
simple system of “notching.” Thus, as ata, in fig. 15, 
the end of the horizontal piece being shaped as at 0, 
to go into the notch. In time this notch would be 
enlarged and made rectangular, to give better benring 
surfaces, as atc, the end of the horizontal pieco d being 
formed to fit as tightly into it as possible, But while 
this forming of joints would keep tho vertical posts, 
asa a, 6 b, in fig. 14, from approaching each other or 
bending inwards, they would not prevent them from 
leaving each other or bending outwards. And if they 
did so sufficiently fur, the ends of the horizontal piece, 
as b, fig. 15, would drop out of the notches, aa at a, and. 





Fig. 15, 


the connection would cease The joint at ¢ would be 
better, as it would give the opportunity of joining the 
end d of the horizontal piece tightly into the cut or 
alot or groove c. 


Trenails, Keys, and Wedges, as used in Carpentry Joints. 

Simple a contrivance ag a “ nail” seems to us, it is 
in reality a great invention, aud it would be some 
time before it was added to the thousand-and-one 
contrivances which the ingenuity of man has dis- 
covered and applied to aid him in his daily work and 
meet his daily wants. There is little doubt, we think, 
but that the wooden spike Jong preceded the iron 
nail, just ag we know the era of timber construction 
came before that of stone, and gave birth to some of 
its contrivances and special features, And we can 


easily conceive of the idea of the spike or wooden nail 
VOL. I, 


having originated in some such simple way as passing 
through a heap or mass of material, such as leaves or 
brushwood, which it was desirable to keep in one 
position while lying on the ground, » long and slight 
and sufficiently strong stick, This passing through 
the mass and entering the ground or soil would ob- 
viously secure the mass, binding it more or less firmly 
to the soil. Or the iden of tho spike may have origi- 
nated in the desire to bind or keep together the maas 
of branches, twigs and leaves, etc., which formed the 
walls or enclosing surfaces of the early huts or hovels 
of our ancestors, By passing sticks through the 
thickness of these containing walls at intervala, it 
would be found that the inner surfaces and outer 
would be bound together more or less compactly, 
And it would almost immediately follow upon this or 
. similar use of ymall or short pieces of timber that 
they could be more rondily and certainly used if one 
end was pointed or reduced in thickness. Once the 
idea of penetration took possession of the mind of the 
constructor, many useful applications of its principle 
would follow, and his enrliost work in connection with 
his tilling of the ground to receive his tiny crops—- 
the first of necessity of ull the artsa—-would give 
him this idea of penetration, The wooden spike or 
“ ¢trenail,” as in modern technical language it is called 
(which obviously was once written “ treenail,” as it is 
literally a nail made out of # tree), would soon form a 
very common feature in timber work of all kinds. 
We have said that tho joint, as at od in fig. 15, 
would depend for its continuance in force upon the 
tightness with which tho end d of the horizontal piece 
was jammed up into the cut or groovec. But as timber 
shrinks and swellsa—contracts and expands, to use the 
technical terms—according to the dampness or dryness 
of the atmosphere; in dry woather the joint thus 
secured by jamming up would loosen, and the connec- 
tion between the pieces would cease or be weakened, 
But the spike or trenail would obviously come in here 
to serve u useful purpose. It might be used in the 
way as shown at vertical section of a post e¢ ¢, fig. 15, 
the spike being driven in from the buck, as at J, 
penetrating the end of the horizontal piece g. Or it 
might be driven in from the sidex, as at ¢, in sectional 
plan of the post, at J; or two pins or trenails might 
be used, as at i and J, one driven from each side, The 
wooden “key,” as it is technically termed, is another 
contrivance for keeping two pieces “jointed” well 
secured together, and frequently used to prevent the 
one piece slipping or being moved away from the 
surface of the other piece. Its use in this last way 
is illustrated in fig.4 (ante, Chap. I., p.12), given in the 
paragraph entitled “ Representative or Typical Forms 
of Joints,” where its position in each section, as at 0, 
is shown. The “key ” is in this and in similar work a 
small block generally square in section, and of length 
n) 
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equal to the “scat ”-or groove into which it is passed ; 
the length of the form 6 in fig. 4 (ante) being equal to 
that of groove din lower dingram. Grooves or scats 
are cut in the lower edye of the upper piece a a, and 
in the fuce of the lower picce a8 at d, and the “ key,” 
as b, being forced into the groove d, the upper piece, 
a8 @ @, is placed in position when the key b enters or 
is forced into the groove on its lower edge. A wedge 
iy another form of key, and is so called from its taper- 
ing form. One form and mode of using it is shown 
in fig. 6 (ante) atd dandid. Many examplos of the 
use of trenails, keys and wedgos will be found in 
succeoling chapters, and also of “iron screw bolts” 
and iron “straps,” which are much used in modern 
work to secure timbers together, 
Interpenetration « Distinguishing Characteristic of Joints 
in Carpentry, 

Allusion has been made in the preceding paragraph 
to tha principlo of penctration as one of great import- 
ance in the art of carpantry. The pupil will perceive, 
as he proeeody to consider the matter to be given 
hereafter in this series of papers, how this principle, 
either in its partial or full development, is concerned 
in nearly oll the operations of carpentry. It is 
the vital principle on which all joints or junctions of 
timber where one piece is connected with or supported 
by another piceo chiefly depend. Some of the develop- 
ments of this important principle constitute a series 
of problems the most interesting, as some of them are 
the most intricate, of whut muy be called the “ geo- 
metry of carpentry.” (Sve the series of papers in this 
work ontitled “The Building and Machine Draughts- 
man.”) Tho first, as it is the most simple of tho 
practical methods of carrying out this principle of 
penotration, would in all likelihood be the forming 
a holo or aperture, a3 a, in fig. 16, passing through 

re | 





Fig. 16. 


from side to aie, in one piceo of timber, aay a 
vertical post, as, The horizontal piece to be sup- 
ported, as cc, may be passed through, aa in section 
of post dd, and it may be secured from slipping by 
the spike 7, called popularly a “pin,” or in technical 


phrases “trenail,” ora “key” might be used, passing 
through the post ¢ ¢, and penetrating the horizontal 
piece as shown, In place of using one long horizontal 
piece, resting it in the aperture in the post, in or about 
the middle of its length, two short pieces will give 
the same result, one being passed-—‘ entered” is the 
tochnioul phrase or term—from one side, as at 9; 
the other from the opposite side of the hole, aa at A, 
They might atop short of meeting in the interior of 
the aperture, leaving a space, as at 7, betweon them ; 
or they might have been brought in contact with 
each other, os at 7. Whon go placed in contact with 
each other the one piece is snid, in technical terms, 
to “butt” against the othor, and the ends of each 
piece constitute what is called the “butting face” or 
surface. 

We have in preceding paragraphs given illustra- 
tions and descriptions of what we have designated as 
‘representative forms” of joints, and of the probable 
way in which joints originated, or were invented. 
Before proceeding to tako up the systematic con- 
sideration and illustration of the different classes 
under which the representative forms named are 
ranged, we deem it best to introduce here, as con- 
nected closely with what is to be given under this 
section of our papers, some remarks, and to give a 
few diagrams illustrative of “framing” or “ frame- 
work,” and of some points connected with its original 
introduction. And as preliminary to these, wo pre- 
fuce them by some remarks on 

The Mothods of Dealing with Timber, Trees, or Parts of 
Trees, in the Early: Constructions of the Carpenter, 

Timber would for long be used in the “round” 
(see paper entitled “The Timber Dealer”), to employ 
a modern technical phraso still used to denote this 
the oldest employed of forms of tho material, It 
would take some time before tools were so perfected 
that the round timber could be formed into timber 
with squared sides or with flat surfaces, The tool for 
doing this would, in all probability, be the axe; this 
followed by the adze, which is simply the axe with its 
edge so turned in relation to the handle that it can 
be used for slicing off plates, so to call them, from the 
surfuces of timber in w way much more conveniently 
applied and more rapid in its work than the axe. 
Tho chisel would soon be invented, and ita use for 
suuiler work would soon be appreciated. The saw 
would early and for long be the great tool of the 
carpenter; for with it he could do almost every kind 
of work roquired, even for the more complicated and 
complete structures which would follow on the simple 
booths or huta of branches, twigs, and leaves, (For 
terms see “The Oyclopmdic Dictionary of Technical 
Terms,”) 
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THRE CALICO PRINTER. with this emulsion, The bleached calico passes into 
{Tee CHEMIETRY AND TECHNICAL OPERATIONS oF Ig = box (aaa), which contains the oleine diluted with 
TRADE, water, passes two rolloras fixed at the bottom of 

the box; then pnases 


CHAPTER II. between two rollers to on 

Third Process: Preparing the Calico with ‘Soluble Oil,” remove superfluous Sette 
fxa great many colours, expecially those of artificial liquid, as shown in the 
nalizarine, it has been found that when the cloth, figure, 6 and o; tho 
ufter the usual bleaching process, ia treated with latter being o small 
a preparation of oil known as “soluble oil,” “oil brass roller turned hy 
prepare,” and other names, the colours are developed power, and which can 
in greater perfection and in shorter time. And _ by the screw and lover d be pressed with any amount 
although it is not necessary that tho cloth for all of pressure upon the lowor or larger wooden roller 0, 
colours should be so treated, it will be most convenient which of course thus turns in the opposite direction 
to treat of this subject in the present division, and draws the cloth betweon them. Tho calico then 
The fixed oils, such as castor oil and olive oil, are passes on to an “ expander,” ¢, or roller with ribbed 
compounds of glycerine and a fatty acid. When they surface, to stretch out the cloth tightly, and then is 
are treated with an alkali such as caustic soda, a dried by the steam cylinders, os shown in the figures, 
chemical reaction takes place, the oil or “glyceride” The expander, which is very largely used in print- 
is decomposed, the fatty acid combines with the soda, works operations, is simply a wooden bar with a plate 
the glycerine being thus left uncombined, The come of copper or brass fastened on its upper surface, which 
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pound of the fatty acid with the soda is simply a soap, lias for half its length ribs running diagonally in the 
being soluble in water, and which lathers, or may be direction from middle of bar to end, and for the other 
beaten into froth. When now we add to this mixture half ribs running in tho opposite direction, as shown 
excess of an acid such as hydrochloric acid, it decom- in fig. 6. 

poses the soap or emulsiun, and unites with the soda, Oleine is made from a varioty of oils, but profer- 
forming, in the case of hydrochloric acid, chloride of ably from the best olive or castor, Good castor oil 
sodium or common salt, setting the fatty acid free. oleine is made in the following manner: 470 lb. castor 
If now we let the mixture stand, the fatty acid, oil, 67 lb. caustic soda in powder, and 98 gallons 
being lighter than water, rises to the top and may be water are boiled together for about two hours. Of 
removed, leaving behind the glycerine, common salt, the emulsion so obtained 33 gallons are mixed with 
and excess of acid, If we udd to this fatty acid the 65 gallons hydrochloric acid at 25° Tw., und 12 Ib, 
proper quantity of solution of soda, we obtain an , common salt—the salt being added for the purpose of 
emulsion, which is soluble in water, forming, when rendering the liquid heavier und so enabling the 
dissolved, a milky-white solution. It is thisemulsion, fatty acid, «i.e. oleic acid, to float on the top more 
known as ‘“‘oil prepare” or olcine, that is applied to the readily, Run off the liquid at the bottom, and add 
cloth for the purpose above mentioned. Many colours to the oleic acid 34 Ib, caustic soda dissolved in 
printed upon calico prepared with oleine and dried, 10 gallons water; mix well, cool, and add 3 quarts 
have their development hastened and their beautyand of ammonia, and the oleine is ready for use, For 
brightness increased. preparing the cloth dilute this oleine 16 times with 

Fig. 5 shows the process of preparing the cloth water. 
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Preparing the Colours used in Calico Printing—-Oolour- Mixing. 

All the printing compositions used by the printing 
machine are prepared in the works. Be it a dye- 
stuff or simply a mordant or discharge, etc., it 
requires to be properly thickened, to enable it to 
be printed ; and most colours require a considerable 
amount of preliminary treatment before they are 
ready for the machine. 

The composition ready for printing is always termed 
“the colour,” whether it really contains any colouring 
matter, or only some substance such asa mordant or 
a “resist,” which is in some way connected with the 
formation of the printed effect. This preparation of 
the “colour” or composition used in printing is 
called “colour-mixing,” and the room set apart for its 
execution is ealled the “ colour shop.” 
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Fig, 7, 
The Colour Shop and its Machinery, 

The colour shop should be a lurge square or oblong 
room, with the floor well grated for the escape of the 
water, and with n portion of the roof raised and 
provided with efficient ventilators. When ventilation 
is deficient the room soon becomes filled with the 
constantly escaping steam, and the operatives being 
unable to see clearly, confusion and mistakes are the 
result. In the centre of the building, or along one 
aide thereof, is the row of vessels for boiling, or range 
of colour pans, varying in size from 1 to about 100 
gallons capacity. The colour-pan is heated by steam, 
which circulates through a jacket surrounding the 
vessel, It is formed of two sheets of copper, each 
beaten into the required shape, the one a little 
smaller than the other, so as to fit into it and leave 
© space between of about an inch. These arestrongly 
riveted together, as shown in fig. 7, which is a 
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section of a colour pan. @ a a is the copper pap, with 
double sides forming a steam jacket, the steam enter- — 
ing at 6 and escaping at the tapc; the pan swings 

on pivots, b and d; at the latter is a water-tap for 
circulating through the jacket cold water for cooling 
the pan. ¢,/, are the mechanical stirrers or agitators, 


- which are worked by three toothed wheels at g, the 


centre one being attached to the vertical shaft A, 
which conveys the power; the other two wheels are 
attached one to each agitator, and so arranged as not 
to clash against each other. When the agitators are 
not required they are detached at & When the pan 
is to be emptied of its contents the catch is unfastened 
and the pan is swung over. There are several forms 
of colour pans, but in principle they are the same 
as that we are describing; thus in England many 
colour shops have the colour pans stationary, with 
a hole at the bottum plugged up with a wooden bung 
when the pan is filled, and removed for cleaning out. 
Jt will rendily be seen that the mechanical stirrers 
require occasional assistance of hand-stirring, as the 
colour adheres to the sides and bottom of the pan, 
beyond the reach of the agitators, 

Some new agitators replace the laborious procesa 
of stirring by hand very successfully, being made to 
scrape away the colour from the sides and bottom of 
the pan. 

In boiling the colour, the steam should be turned 
on gradually until the pressure is from 7 to 10 Ib, 
When the colour is boiled sufficiently the steam is 
stopped, aud the water turned on in its place, until the 
colour is cool enough for the addition of other ingre- 
dients, or for “straining.” The operation of straining 
the colour is # very important one in colour-shop 
labour. If all lumps and gritty matters be not 
removed, the finely-engraved copper rollers may be 
scratched, The colour is strained by forcing it 
through a strong open cotton fabric called atraining 
cloth; unless the colour is thin enough to run 
through the meshes of the fabric without forcing, 
the colour is poured into the cloth stretched over a 
tub, and the corners gathered up together, held 
firmly in the left hand, while the colour is, by means 
of wringing and pressing, forced through the cloth, 
leaving lumps and other impurities behind, Many 
attempts, successful and unsuccessful, have been made 
to construct straining machines, the principle of most 
of which is the creation of a vacuum beneath the 
straining-cloth or sieve, but they have been found to 
be advantageous only for such colours as are made in 
very large quantities. 

Principles of Colour-Mixing, 

Between the manual labourer of a large colour shop 
who actually “mixes” the colours, and the directing 
“colour-mixer” who understands their composition 
and properties, there is as wide a difference as between 
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the mechanio who merely makes a wheel or shaft of a 
machine of secret invention and the inventor himself. 
In each case the labourer carries out the orders of his 
master or foreman, whether he understands the reason 
or not. 

Practical Work in the Colour Shop. 


The subjects of the chemistry and uses of the 
various dyes, thickenings, and other “drugs” em- 
ployed in calico printing, being treated in another 
portion of our work, we now proceed to sketch, as 
fully as the space at our disposal will admit, the 
practical work of tho colour shop in preparing those 
substances for actual use in the printing machine, 

In the economy of the colour shop, where a great 
number of separate “batches” of different colours 
of different strengths are made, the method always 
adopted is to keep in stock sufficient supplies of 
ready-prepared thickenings, mordants, and standard 
solutions of the various colouring matters. Hence it 
is generally only necessary to mix measured quantities 
of thickening and of solutions of colouring matter, ete., 
to form the “colour” in a state ready, after strainings 
or other treatment, for the printer. 


1, Thickening Pastes. 


Starch.—First, a large supply of etarch paste is 
kept in stock, being a paste made by boiling wheaten 
starch ond water in the proportion of about 1} lb. 
per gallon; a supply of starch poste is also kept at 
24 Ib. and 3 Ib. per gallon for such colours as require 
it. From starch paste, again, are made other pastes, 
by mixing with colour standards or solutions of dyes 
so as to make strong colours which may require 
“reducing” or making more dilute by mixing with 
different proportiona of more starch paste aa required, 
Starch thickens better in the presence of a little 
acetic acid; 1 gallon at 8° Tw, in every 16 gallons of 
water used yields a good paste. The same quantity 
—or a# larger if economy will admit—of olive or rape 
oil is a further improvement, the paste being then 
of a better consistence for mixing. 

Flour,—This thickener is prepared for use by 
boiling 14 Ib, per gallon of water. This forms an 
excellent thickening paste, in consistence like starch 
paste, but more “gummy.” Jt is used chiefly for 
dyed alizarine red mordantsa. The paste will only 
keep a very short time; it decomposes in two, or a 
few more, days, according to the weather, 

British gum is boiled with water at about 3 lb. per 
gallon, This gives a brown, tenacious solution, having 
properties somewhat resembling gum arabic solution. 
This solution is used in a great variety of colours. 
{t differs, as a thickener, from starch chiefly in being 
of a gumn:y nature; it “works” or “furnishes” in 
the machiny better than starch; and hence is used in 
conjunction with starch—a much superior, but more 


expensive thickening paste being thereby obtained, 
which not only “furnishes” better, but keeps longer 
without deterioration——British gum being less readily 
acted upon by chemicals and the atmosphere than 
starch. Those and similar pointes defining the uses of 
the various thickeners will be treated more fully in 
the chapter on “'The Chemistry of Thickeners.” 

Gum dragon or tragacanth solution is prepared by 
steeping tho gum in cold water at about 1 Ib. per 
gallon for twenty-four hours, and then boiling for 
four hours, which gives a peculiar thick, transpurent, 
almost colourless, jelly. It is used chiefly for alizarine 
reds on account of ita transparence and absence of 
colour, and the ease with which it may be washed 
off the cloth after the colour is fixed; it is alae used 
along with British gum, etc., in pigment colours for 
similar reasons, 

Gum Senegal, or Arabic, or Barbara, or Gedda, is 
propared for use by boiling about 6 lb, per gullon in 
water till dissolved; which gives a thick, strongly 
gummy solution of rather light colour, This ix used 
almost solely for blocking, as it gives out the finest 
pale shades, and is easily washed off, lowing the 
colour puro and clear on the cloth, 

Albumen paste is prepared for use by steeping 
blood albumen at the rate of about 5 lb. per gallon 
of cold water till dissolved, and thon straining, Thore 
ix gonerally ndded ta the solution, previous to uso, n 
minute quantity of solution of sulphate of zinc, which 
causes a sort of semi-coagulation ; the mixture becomes 
several timos thicker, without losing any appreciable 
amount of its fixing power. This greatly economises 
this otherwise expensive thickening. Blood albumen 
is used only in mixing pigment colours, to which it 
of courso acts both as thickener and fixer of the 
colour, The solution is of dark colour, very viscid 
and adhesive, For very light shades of pigment 
colours eyg albumen is uxed instead of the above. It 
is dissolved at the rate of 5 to 10 Ib. to the gallon in 
the same manner as blood albumen. It yields an 
almost transparent colourless solution. Sulphate of 
zino ix never employed with egg albumen. Both 
egg and blood albumens putrify when kept many 
days in solution, but this decomposition may be 
delayed by the addition of a minute quantity of 
earbolic acid. 


Thickeuiog Pastes used for Special Olasses of Colour, 


The above are what may be termed simple thicken- 
ing pastes; the following are the most important 
special thickening pastes used for different clisses of 
colours. However, to treat in detail of all the various 
thickening pastes used in difforent colour shops would 
be impossible; a few of the most general only can be 
given, and this we shall proceed to do in our next 
chapter. 
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THE DOMESTIC HOUSE OR HOME PLANNER 
OR DESIGNER. 
ToE WoRE OF THE YOUNG ARCHITECT OR BUILDER IN THE 
DESIGNING OF HovUsEs FoR TOWN AND OoUNTRY, 


CHAPTER I. 
Introductory, 
Or the various classes of buildings, to the planning 
and construction of which the young architect looks 
forward with the bright expectation of youthful hope 
asthe work of his future “ professional practice,” for 
which we suppose him to be now preparing, there ia 
none of so much importance, not one which demands 
so much of his thoughtful care, as that connected with 
Domestic Architecture, This does not ignore or in 
any degree minimize the importance of tho classes of 
larger structures open to his practice. But domestic 
atructures constitute a class of which the varioties are 
more numerous, and the demand for which, tnking 
the aggregate of individual cases, is the greatest; and 
the probability is therefore the more certain that for 
a period at least of his eurly practice the young 
architect or builder will be called upon to do more 
work of this kind than that of a more ambitious 
character. 
Health Influenced by House Arrangements. 

The young architect has to bear in mind this 
important truth—that our domextie structures being 
those in which we live, in which many spend vir- 
tually the whole, and in which many others spend a 
large proportion of their time, the henlth and the 
physical comfort and well-being of the members of 
the community are more dependent upon and in- 
fluenced by the proper arrangement and construction 
of their houses in the living or ontertaining rooms 
in which they ait for a considerable portion, and in 
the bedrooms in which they spend the whole of their 
slecping time, than by the charactor of buildings such 
as theatres, churches, or the like, which they only 
occasionally frequent, and in which sanitary and con- 
venient arrangements are more or less neglected. 

Domestic Comfort Inflnenced by House Arrangements. 

Nor is this matter of health, all-important as it is, 
the only point which comes up for consideration in 
connection with the houses we habitually live in. 
Men engaged in business which takes them away for 
a lurge part of the day from their “homes” escape 
for a time from auch influences as their ill-constructed 
houses may bring into active existence. But their 
wives and families, and those who make up the 
domestic establishment, be it small or great, cannot 
so escape from such malign influences, if they exist, 
as in a too great majority of cases they unfortunately 
do, But this is not all, For the domestic work 
of a house involves much more than what is con- 
nected with health. The claims of living are much 





wider than this. To insure comfort in living in our 
homes, a wide variety of work haa to be attended to, 
and this attention is required to be continuous. 
Coming up from hour to hour, from day to day, the 
various details of home comfort, or convenience—to. 
use another term frequently employod—are undergoing, 
a course of perpetual repetition. 

The Question of Economical Management of Time Influenced 

by Honse Arrangements, 

Any one of the details which in their aggrogate go- 
to make up what is called “house work ” may be con- 
sidered by itself as a mere trifle. But when this has to 
be attended to not once, but many times in the course of 
a day, the mere time which is consumed in this makes 
the matter nasume a totully different aspect. If we 
ask what really makes up whut we call the comfort 
of daily life, we are constrained to confoss that it is 
simply an aggregation of little things which, in the 
generally too loose style of daily conversation, we 
persist in calling “trifles.” It is the little things 
in house work which are ever cropping up, always 
crossing our path, “and exercising a constant, and 
because so, @ powerful influence either upon our 
domestic comfort or discomfort, in proportion as they 
are well or ill done and attended to. 

Men are but too apt to think lightly of the details of 
domestic or house work, and generally to understate 
them, till they actually persuade themeelvey that they 
are trifles of little importance in their daily life, But 
this arises chiefly from Juck of thoughtful observation. 
Tie was a shrewd observer who remarked that much 
of the inconvenience and the loss of time, to say 
nothing of the trials of temper brought about by badly 
arranged houses and by the lack of various useful 
appliances and contrivances, aroxe from architects and 
builders who were apparently ignorant of their value ; 
or who, if they were indeed aware of their existence, 
determined, like so many mon, that they were but 
trifles, and treated them as such—that is, simply 
overlooked them. Certain it is that if the designers 
of but too many houses notorious for their lack either 
of convenience in plan or of contrivances had had 
a true conception of how they ministered to saving 
of time and to the doing of good work, they would 
have made their house plans very different indeed. 

Limited Conception of Many of what constitutes Good 

House Planning. 

The plan of a house seems to many to be a matter 
of great simplicity, and the points connected with it 
very easily decided upon and settled, if one may judge 
from the little attention paid to it, as evidenced in 
the numerous houses of different classes crected in all 
parts of the country, If carefully examined by one 
who has given some study to the subject, and more 
especially if this examination be followed up by an 
inquiry as to what those who do the daily work in 
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them, think of them os tending to make that work 
more easily and completely done, it will be found that 
those who have designed them must have had a very 
limited conception of what the term plan, or the 
work of planning, involved. 

The proper relation of one room to another, so that 
the convenience of those using them, the work of 
those who have to keep them in what is called 
“order,” and of all the wide variety of work con- 
nected with the mere living of a family in the house, 
seems by this class of planners to have been totally 
overlooked. And yet how important this relation of 
the rooms one to another is, may be easily xeon on 
a very slight consideration of what is really this daily 
life, and the duties and requirements of it. Ina 
small house it may, for exainple, be thought by some 
to be but & very trifling matter if the kitchen be 
placed in such relation to the othor and what are 
called the “living” rooms of the house, that a few 
yards of dark pasrago, or, worse still, a flight of 
steps, however short, are placed between them, “It 
is only a few more yards of passnge, only a short 
flight of steps to be taken, and tho work is dono, 
taking only » few seconds, not even minutes, What is 
the use of making o fuss about such a trifle as this?” 
Such may be, and indeed often is, the way in which ob- 
jections to such mal-arrangement in planning are met. 
But the very form of the oxeuse is the best possible 
proof that the whole issues or outcomes of tho case 
have not been nor are considered. And it is just 
this lack of consideration as to the value of time 
which lies at the root of, or is the cause of, that want 
of it as to the importance of convenience, 

Time lost and Fatigue inourred by Frequent Use of a 

Badly Arranged House. 

For it is forgotten that, although in a single case 
it is no very great loss of time to traverse the fow 
extra feet or even yards of a passage, or to run 
up @ short flight of steps, yet it becomes a very 
different matter indeed when those yards or feet and 
that flight of steps are gone over many and many a 
time a day, We say that this truth is forgotten by 
those who make light of such a mal-arrangement in 
planning as we are now considering; it would be the 
more correct way of putting the point if we suid that 
the true position of the matter is never thought of at 
all. Certainly, if thought of, it is deemed to be of such 
trifling importance that it can be very safely passed 
over, And we have known cases where, when the 
view of the matter as above named as to the aggre- 
gate large loss of time brought about by the constant 
repetition of smal] losses has been put before carelass 
planners it has struck them with quite a sense of 
novelty. The poet has said that more evil is done in 


the world from lack of thought, than from any real 
wish or desire to do the evi]. So it may be said that 
some planners of houses do in their arrangements 
cause the livers in thom a vast deal of inconvenience, 
give them a great amount of bodily fatigue, nnd make 
them lose much valuable time, purely from Iack of 
consideration of such points; not from any reul in- 
difference tothe comfort and the convenienco of those 
living in the houses. Indced, as we have hinted, 
no one is more surprised than they thomselves are 
when the true analysis of the cnse is put before 
them. 


Bome Practical Examples of Mal-Arrangemont of 
House Apartments, 

We have referred in general terms to the way in 
which the inconvenience in a house is created—namely, 
by badly arranging the rooms or apartments in relation 
to each other, But tho point is of such importance, 
and bears so closely upon the comfort, the convoni 
once, the time, and, as we shall presently show, upon 
the health of those by whom the work of our houses 
is carried on, that we deem a few examples culled 
from practical sources are likely to convey some useful 
suggestions to the young architect or builder. We 
have, for example, met with this arrangement in a 
detached suburban villa-cottage, or amall villa. The 
house was of two stories, with o sunk flut, or what is 
called in the north of England a cellar floor. On the 
first floor the “entrance lobby,” or “hall”—as it is 
termed somewhat grandiloquontly in relation to small 
houses—the “drawing” und “dining” :0oms, were 
placed, Also a very small room, termed appropriately 
enough the “ sitting-room,” seeing it was Ko very strait- 
ened in dimensions or floor surface that little else 
than sitting could be comfortably done in it, apace for 
walking or moving about easily not being within 
its walls, The kitchen, which was of course nso the 
living room of the domestic servant, was placed in the 
sunk or collar floor, in that part of it immediately 
below the drawing-room. The kitchen in this position, 
and at this level, could not on the score of health be 
very seriously objected to as the habitual living room 
of the domostic,—or “lavey,” so nicknamed with 
an irony not altogether uncalled for when we bear in 
mind the life which too many of our domestics live,x— 
inusinuch us the walla of tho cellar apartment were 
not strictly cellar walla—that is, surrounded on all 
sides by the soil of the site—but were partly above and 
partly below the general ground level. Ventilation, 
or a current of air through the kitchen, waa therefore 
more easily obtainable than in the case of 4 purely 
cellar or sunk flat arrangement, lighted, as of necessity 
such placea must be lighted, by a narrow—generally 
very narrow—cutting or well in front, 
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THE FACTORY OR MILL HAND AS A 
TECHNICAL WORKER. 

TRE ORGANIZATION, GENERAL DUTIES, AND SPECIAL 
Work OF THE STAFr or FACTORIES FOR THE PRODUC- 
TION OF SPUN AND WOVEN GOODS—THAT Is, “ YARN ” 
AND “CLOTH ""—AND THOSE OCHIRFLY IN OOTTON AND 
WooL—GENENAL DESORIPTION OF THB VARIOUS PRO- 
GESSEA OF MANUFACTURE, 





CHAPTER II, 


WE concluded the first chapter by describing briefly 
the qualities of cottons used for different kinds of 
goods; and we might here state the average length 
of staple of the different kinds of cotton in the 
market, but as it would not tend much to give the 
reader o further knowledge of its use, we shall sutiafy 
ourselves by giving the two extremes which we have 
seen tabulated, and which from our exporience in the 
buying and using of cotton we beliove to be trustworthy, 
Although we have not measured them with fractional 
accuracy, yet they may he accepted us correct; the 
shortest staple used for spinning or manufacturing 
being $3nds of an inch, the longest 14 inch long. 


Explanation of the Term ‘' Counts,” such as ‘40",” 

The render will have noticed the expression such 
as 408” in the parngraph above alluded to; tho 
meaning of this may be briefly described now, All 
cotton “yarn,” or as it ix popularly called, ‘ threud,” 
is known for its various qualities by certain numbers, 
as the above, or 60" or 150*, or the like. Tho special 
number indicates that 40 or 60 or 150 “hanks” of 
yarn of a certain fineness go to the pound weight 
of yarn, The technical and trade points connected 
with “ yarn hanks,” making and packing up, selling, 
ete,, etc., will be fully explained in due course, And 
before going into the actual details of the manufne- 
ture, and of the discipline and mannygement of the 
different departments of the “mills” or “ factories ” 
where it is carried on, it will be as well to give here 
some general notice of that district of the kingdom 
Which is on all hands admitted to be the grand seat 
of the cotton trade, ‘To this we have already made 
incidental allusion in referring to Manchester, which 
is the centre of this busy district. 


Brief Glance at the Great District of our Chief Textile 
Manufactures—Ite Practical Suggestions. 

Manchester isthe depdt where goods of all kinds are 
deposited, to which manufactured articles of cotton 
in the various forms are sent as to a common market, 
and where they can be had, and if not in stock can 
be ordered, and very soon enn be delivered—more 
easily, of course, in goods of n coarse than in those of 
a fine quality. As we proceed, we shall give reasons 
for the difference in time required for the prepara- 
tion of fine over that of courser materials. We say 
Manchester is the depét for cotton manufactured 


goods, It is situated in a most central position, and 
therefore convenient to the surrounding spinning 
and manufacturing mills, It is encompassed on all 
its sides, or nearly so, by towns—themeelves large 
and densely populated—which produce immense pro- 
portions of cotton goods in the form of yarn ready 
for any manufacturing purpose for which it is 
intended, and then, after being manufactured, that is, 
woven into cloth, to undergo a variety of manipu- 
Intions—such, for inatance, as bleaching, printing, 
dyeing, ete, Within tho radius of twelve miles of 
Manchester it may be said that all the various 
processes here named are carried on in each or in 
most of the following towns, Manchester itself, 
considered merely as a manufacturing town, and not 
as the great centre to which the work of all the 
other towns gravitates, is noted for fine spinning 
(more fine than coarse spinning), manufacturing, 
dycing, ete, It also contains every facility for making 
and fully preparing all tle necessury machinery for 
spinning (making yarn), making cotton cloth (i.e. 
wenving), ete. etc. It has some fine engineering and 
millwright works, and also numerous machine works, 
which make machinery for every part of the world 
where cotton and other toxtile fibres ure operated upon. 

Taking next the town of Oldham, we find it to be 
most famous for its production of “ 32* yarn,” though 
it is somewhat renowned not only for spinning very 
course yarns, but for the quantity of them which it 
produces, From the common but somewhat expres- 
sive term used in the district, we may learn that 
Oldham has been, and is still, famous for its spinning 
of very coarse yarns, “three threads for an armful,” 
Oldham being our largest spinning town in the 
kingdom, we must, of course, expect its powors of 
production to be very large. The finest yarn pro- 
duced in that town is about “40%.” Cotton yarn is, 
as we have said, known for its various qualities by 
cortain numbers—as “408” in the text; that is, 40 
hanks of a certain fineness known as “40,” go to 
the pound of finished yarn ready for the market. 
Oldhum and its immediately outlying district is not 
confined to the spinning of threads, but it has some 
standing in the production of heavy manufactured 
goods, such as fustinns and cotton velveteens, A 
great proportion of the cotton mills in Oldham are on 
the “limited liability principle.” No town in Lan- 
enshire has what may be called such a mania in this 
direction of speculation as Oldham and its district, 
and therefore it is designated the great “ emporium” 
for “limited liability companies.” Oldham is favoured 
with one of the largest machine-making works not 
only of Lancashire, but of all the world, and that is 
now also a “limited liability company.” The army 
of men and boys turning out from their work at 
menl-tin o3 (ery dinner-time, and at 5.80 in the after 
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noon, when the road is not only lined but filled with 
men and boys), is beyond description, There are 
other large machine-making works in the town. 
Rochdale is, and has for long been, a noted town 
and district for co-operative cotton mills, but it bears 
in this respect no comparison to the town of Oldham 
and its immediate surroundings, Jochdale is oa 
considerable town for cotton spinning and manu- 
facturing ; mostly for # coarse class of goods, heavy 
materiala, 1t is possessed of some machine asa well 
as of millwright and engineering works. Both these 
last trades stund in a good position in Lancashiro and 
Yorkshire; many of the works are old-established con- 
cerns, which therefore havo been well tested by the 
public. The machine makers in this town for certain 
classes of cotton, worsted and wool machinery, are 
second to none, and have held that position for a 
number of years. This town is not only famous for the 
nbove-named manufactories, their long standing, and 
the varieties of cotton spinning and manufacturing of 
cotton goods, and of iron works; but another branch 
of manufacturing is carried on—which, however, is 
more extensively met with in and about Inlifax and 
other towns in Yorkshire—namely, that of “carpet 
manufacturing.” It is not a lending class of manu- 
facturing for Rochdale, but still there 1s one large firm 
which curries on that industry, and we believe the 
business has been successfully sustained fora long period, 
and stands in a solid position in the carpet market, 
Between Munchester and Rochdale thore are two 
other towns of some importanco as cotton spinning 
and manufacturing places---Middleton and Heywood. 
In one of these towns, looms and other machinery 
for weaving (manufacturing) ure constructed. Three 
iniles from Heywood we come to the considerable 
town of Bury, where cotton spinning and manufac- 
turing are curried on to a considerable extent, mostly 
in the conrser kind of goods. In and around the 
town many mills may bo seen. This, like some other 
populous towns, has its large machinery-making 
worke,—one expecially, where every kind of machinery 
is made, from the boiler of a steam engine to the finest 
piece of machinery used in tho spinning and manu- 
facturing of cotton goods, Tf we proceed a distance 
of six miles we arrive at the important town of 
Bolton-le-Moors (commonly called Bolton), It is not 
renowned for its manufacturing of calicoes, fustians, 
velveteen», aud printing-cloths; its manufacturing 
consisting in the making of sheetings. These slicet- 
ings are made from the coarsest material (or nearly 
fo) that is spun, which is known by tho name of 
“caddy shects,” sometimes designated as “ Bolton 
sheets.” There was a time when Bolton was famed 
for what is called “Bolton quilts,” much used for 
vests, Not being fashionable at the present time, 
such cloth is little known. It was more commonly 
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used for gentlemen’s vesta than for other purposes, 
was well known for its durwbility in wear and ita cleanly 
appearance after being washed, and is a material in 
many respects well worthy of being again widely worn. 
Bolton is better known, and has beon from the com- 
mencement of the cotton spinning trade, for what are 
termed fine counts, 4.¢, fine yarns (fine threads), There 
are but about threo mills at present engaged with this 
branch of the trade; the finest counts produced being 
150* to 300". The leading counts of yarn which this 
town bonsts of now are from 40° to 90", but the 
yarna generally named as “ Bolton counts” rango from 
45* to 60* twist, designated “medium counts.” The 
new mills in Bolton aro notoworthy aa regards the 
size of the structures, and in some cases for their 
elegunce in design. The neighbourhood of this town 
abounds with “ bleachers.” No other town in Lanea- 
shire stands so high in this department of textilo 
work. Dolton is by no means wanting in machine 
makers, Of millwrights and engmecers it has almost 
more than its share, Jn machinery for cotton spin- 
ning it is celebrated for the mnking of the cotton 
machines known as “mules,”—)hereafter described, 
and which are used for fino spinning. It has its 
forges probably to a greater numbor than any other 
town we have named. 
~ Within about three miles of Bolton thore are other 
places of lurge productive power for spinning and 
manufacturing. In returning towards Manchester 
we poss through, and adjacent to the main road, 
Mosesgate, Farnworth, Swinton, Pendleton, and 
Salford. Ata distance of four miles from Manchester 
we arrive at Eccles and Patricroft, which have several 
mills, Jieaving Manchester for Stockport, to the south, 
at a distance of six miles we come to a town not 
much renowned for its beauty—-although for that of 
its environs few towns can claim so much — but 
none the less so for its production of yarns and 
eloth (calico), Stockport may be said to be the 
favoured town, as, 1f the first steam-powor loom 
had not its birth actually there, it received those 
improvements which made it the effective machine 
it now is. Thexe were due to a gentleman of the 
nume of Tlorrocks ; at:d, strange to say, his education 
had not been in any way connected with the Lan- 
eashire cotton trade, The productions of cotton 
yarns and calicoes in this town and in its immediate 
neighbourheod are of a coarse kind. Most of the 
mill buildings in and near the town are of an 
old stamp, better calculated for “throstle spinning” 
than for self-acting “mule spinning.” Thero is much 
throstle spinning there. The river Mersey is lined 
with mills on its bank. Stockport is not noted for 
millwrights or machinists, but nevertheless it has its 
foundrics and various small works where machinery 
ean be repaired, 
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Wis STUDY AND TUE DETAILS OF ITS PRACTICE, CHIEFLY IN 
RELATION TO TECHNICAL WoRnE IN MANUFACTURING 


DESIGN. 


a 


CHAPTER JI. 


First Lesson in tho Drawing or the Copying of Straight Lines— 
Vertical Lines, 


Ilerr the pupil ix expected to copy these five lines 
precisely and exactly as they are set down in fig. 1. 
A difficult task, undoubtedly; but also, we may say 
for his comfort, by no means an utterly hopeless 
one, Let the board before the pupil be on a table, 
raised to an angle of 30° if the pupil sits down; 
or if he stands up placed upon an easel, which 
he can easily make for himself. Then, with a pencil 
tolerably finely sharpened, let him commence opera- 
tions, 

Let him measure with the eye, quite calmly and 
deliberately, the length of the line a 8, tig. 1, and 


a < e é & 
é ef f A é 
Fig, 1, 


try, with “all his mind set in his fingers,” to make one 
like it. ‘Then, after the same fashion, let him ealcu- 
late the distance between a 2 and its right-hand 
neighbour c d, The pupil should then draw this 
second lino in tho same way, and proceed thus until 
he has managed to get through the whole figure. Now 
let him set the original and the copy together, and 
makea minute and searching comparison between them. 
He will most likely discover immediately a difference 
in the sizes of the figures as wholes. The pupil has 
either estimated the length of the line a 6 incorrectly, 
or the distance from a@ to ¢ may be wrongly calculated, 
or very probably both of these faults are to be found 
in the drawing. Then let the pupil notice how very 
inaccurately he has mentally measured the amount 
of space between the lines individually. If he takes 
a pair of spring-dividers to test these distances, he 
will perhaps find the space between the first two 
lines greater by a fourth than that between the fourth 
and fifth. And let him observe, again, how much 
he has failed in attaining to the parallelism of the 
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lines with the edge of his drawing-board or cartridge- 
sheet, The first one, for example, he discovers to 
ve anything but strictly perpendicular, It has a4 
somewhat decided tendency to incline n “leatle” too 
much either to right or left. He will notice, like- 
wise, that instead of being parallel with euch other, 
no two of the lines can with any amount of strictness 
be called so. For the menning of the term parallel 
see the paper on “The Geometrical Draughtsman.” 
In his copy the line ¢ / may have some inclination 
towards g horcd, In the original none of these 
faulte exist: not only are the lines vertical, but they 
are parallel to one another. The pupil should here 
note that we use the term “ vertical” with a purpose— 
a position of the line which is practically unvarying 
~-making a special distinction, which is absolutely 
essential to be made, between this term and that 
known as perpendicular. For it is often the case, 
even with those who ought to know hotter, that these 
terms are used by them as being ident::.:1 or meaning 
the same thing, which assuredly they do not, A line 
may be perpendicular to another line, yet that per- 
pendicular line be horizontal—a statement which, 
although it may appear odd to some, is nevertheless 
absolutely true; just as a line may be perpendicular 
to another, and yet that other line may go in any 
direction. For a further exposition of this, and other 
like terms, the reader is again referred to tho paper 
“The Geometrical Draughtsman,” 

Let the draughtsman look, finally, at the unsteadi- 
ness and weakness of the whole five as straight lines: 
we may suppose that a 6 gives way in the centre; 
ed begins with a slight curve, straight in the centre, 
and curved again at the end; ¢ / may be worse, and 
gh no better. And soon to the end of the lesson— 
wilfulness, inaccurney, imperfection, from beginning to 
its end. Do not let the pupil at this point be guilty 
of throwing down his pencil and putting naide his 
drawing-board, either in disgust or vexntion, Certainly, 
we admit that the examination of his first attempt 
has been most disheartening. It is hard enough to be 
conscious of weakness generally, without having all 
the particulars of that weakness thrust before one’s 
eyes. Jet him rest assured that the right fashion of 
mending matters in this case is boldly to try again, 
He may take heart at boing disheartened, for con- 
sciousness of weakness is reully a step towards 
strength—a somewhat paradoxical statement, the 
truth of which youth and inexperience have great 
difficulty in believing. Let the beginner remember 
that the thing he has set himself down to do demands, 
as we have all along told him, dogged determination, 
and purposeful, thorough, conquering labour. Excel- 
lence is attuinable; but he may rest quite confident 

that an ocean of downheartedness will never fill one 
cup full of success. Tet him start again, and yet 
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again; let the extent of his wishes be the measure 
of his efforts, and triumph is certain, 
Second Lesson in the Drawing or the Copying of Straight 
Lines—Horlzontal Lines. 
We pass on to fig. 2, The pupil will observe that its 
construction is exactly similar in all points to that of 














Fig. 2. 


fig. 1, except that in this case the lines are horizontal. 
The instructions which were given for the drawing of 
fig. 1 apply to fig. 2, and a severe examination of this 
Jatter lesson is to be carried on, after the manner in 
which the former was criticized. The pupil should with 
all honesty and faithfulness test every line, until by 
repeated efforts his eye has become honest and faithful 
likewise, and his hand firm, powerful, and delicate, Ho 
will of course notice in these two figures the small 
arrows. These indieate the direction in which the 
lines are to be drawn. He may, in the first figure, 
draw the first threo lines from top to bottom, the 
others may be drawn from bottom to top ; and in fig. 2, 
in like manner, the top three lines from left to right, 
the lower two from right to left. Let him be careful, 
if he does no more, to do at least ays much “as is sot 
down for him,” and in no wise neglect to practise the 
drawing of the figures after the directions given. 
Third Lesson in the Drawing or the Copying of Straight 
Tines-—Angular, Sloping or Oblique Lines, 

We suppose now that the student has been grinding 
away at these figures, until he has attained to such 
power and truth of manipulation as will enable him 
to draw figa. 1 and 2, or subjects of precisely the same 
character, with some degree of certainty and accuracy. 
He has toiled away, mayhap, until his hand has been 
tired and his brain weary; but let him look at the 
result which he has attained. He can, as the result 
of his patient labour, draw a perpendicular line. He 
can likewise draw a horizontal line. He has a pretty 
correct notion of length. He can, to some extent at 
least, calculate the distance between two or more 
points, He has, in short, laid well and firmly the 
foundation of ornamental drawing, and the toil 
attending his efforta has been far more than com- 


pensated for by the increased power of his hand and 
eye. Ho should look at the fact that all the figures 
do not possess for him the slightest dittculty of 
imitation, and of course as much may be said of all 
the infinite combinations of straight liner. 

We shall now take figs, 3 and 4. ‘The pupil will 
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Fig. 8. 


observe that the lines in these figures are not 
parallel in either case with the edyos of his drawing- 
board, but incline at an angle, This, however, will 
offer no great difficulty. Ie can draw a straight line, 


Z 


f 

Fig. 4. 
and the direction of that line is a matter of but 
gubordinate consideration. Let not, however, the 
knowledge of his being able to do this have any 
influence towards lessening the concentration of hi+ 
efforts towards the doing of the work of this specisl 
lesson well, Let him always keep clearly before him 


/, 
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the fact that this work he is about is anything but 
easy work, and that his triumph will be measured by 
the constancy of his toil. He will carefully observe to 
draw the first three lines in figs. $ and 4 in the direc- 
tion of the downward-pointing arrows; the last two 
in either case vice versed. Let him be sure, likewise, 


that the acuteness or obtuseness of the angles with the 


perpendicular edge of the drawing-board is correct, 
Let him carefully compare his copy with the original, 


and lot him master every figure before he proceeds to 


the next. 


Important Point to be considered by the Student at this Stage 


of his Elementary Work. 


At this stage we would insist upon the pupil re- 


membering this important consideration ; that itis not 


x 


Fig. 5. 


the number of copies which he may finish which will 
indicate progress, but the manner in which they are 
firished. If he cannot firmly draw a straight line, let 
him work at it until he can,—there is nothing gained 
by doing « dozen copies in a careless or slovenly manner, 
but the grent gain in being able to draw a straight 
line correctly in any direction, a student cannot over- 
estimate, and the drawing or working power which it 
gives him is difficult also to exaggerate. Therefore 
if he master this, the first step, well, all that follows 
will become the easier. Yet do not let him for a 
moment think that we underrate the difficulties that 
are to be overcome in learning to draw curved lines ; 
we only wish to impress this fact, that they will 
become easier from having mastered the difficulties of 


drawing straight ones. He will also see that th 
insistence on a habit of strict observation is layin, 
down a basis on which his whole after studies depenc 
He must remember that to educate the hand to drav 
and the eye to see any object correctly takes a lon 
time of very careful practice and observation. 


Fourth Lesson inthe Drawing or the Copying of Straight Line 
— Combinations of the Classes of Lines of the Three Pr 
ceding Lessons. 

A new combination involving points of practice ¢ 
great importance to the pupil is illustrated in figs, ' 
and 6, In those all the elementary lines already give: 
are combined in simple forms. Let the pupil dra 
fig. 5, keeping the drawing in one position, and chang’ 
the position of the hand to suit the different direc 
tions of the lines. The same remarks apply to fig. 6 
The reader will have obsorved that a certain part c 
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= Fig, 6. 

the above is ttalicized—" in one position,” The poin 
here involved is one of considerable importance in the 
practice of drawing. It may be assumed as true tha 
while one draughtsman has ao readier fucility to draw 
a line in one direction than another draughtsmar 
hus, the latter may be ablo to draw with accuracy - 
line in quite another direction. In either case the 
draughtsman will be tempted to place his drawing or 
copy in positions, as he proceeds with different parte 
of his drawing, which will enable him to follow that 
direction in which he can most eusily draw the line, 
But, seeing that one of the results of his practice is 
that he should be ablo to draw with equal facility 
lines in different directions, this method of meoting 
the case is vitally wrong. He must place his copy 
precisely in the same position as shown in the figure— 
as in figs. 5 and 6—he is copying from. This is wha 
honest, conscientious work demands of him, 
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THE YOUNG AROHITECT OB ENGINEER. 

Ais StupIEe—OFFICE DuTrEs—~AND PRActTiIcAL WoRE IW 
THE PREPARATION OF WORKING DRAWINGS, OF SPECIFI- 
CATIONS, AND CONTRACTS FOR WORK, 





OHAPTER II. 

Proliminary Sketches of the Work to be Done. 
PRELIMINARY sketches are prepared by the architect 
and engineer with the object of ascertaining hia client's 
intentions, and of studying how these can he arranged 
to the best advantage on the proposed site; they are 
generally drawn to a small scale, and are limited to 
plans and elevations: the latter are generally only 
rough, but effectively tinted pencil sketches, 

It is very desirable that every point in connection 
with both plans and elevations should be thoroughly 
studied and discussed ; definite instructions should be 
obtained before the contract drawings are commenced, 
and & survey of the site and its surroundings must 
be prepared and levels taken. A level, thoodulite, 
poles, and a chain will be required, The use of these 
instruments, and survoying genorally, will be sepa- 
rately described under the heading “ Surveying.” 

When the site is in town it is frequently covered 
by old buildings, plans and sections of which are of 
course required, aud are easily prepared with the aid 
of « sixty-six feet tape and a six-feet rod. The build- 
ing should be first carefully examined, the relation of 
the different parts and the goneral plan and construc- 
tion noted, Rough sketches in poncil must be made 
of each floor, showing all the architectural features, 
such as windows, doorways, chimney-breast recesses, 
columns, pilasters, steps, ete,, and dimensions then 
taken— which can be done most rapidly when two men 
are engaged in taking dimensions and a third in 
hooking them, Horizontal dimensions should, when 
possible, be taken from the outside face of the wall, 
and every effort made to obtain through measurements 
and diagonals, The vertical dimensions should be 
from floor to floor; and one should, if possible, be 
tuken from the highest available point to the lowest, 
to serve as a check, When the preliminary sketches 
have been approved, and the survey and plans of 
the site prepnred, the contract drawings can be com- 
menced. 

Contract Drawings, 
28 the name implies, are those on which the contract 
or agreement between the architect and the builder 
or contractor is based ; they must completely illustrate 
avery portion, internal and external, of the proposed 
1ew building, and as far as possible the entire con- 
struction. They are necessarily drawn to a small 
seale, generally to eight or four feet to one inch; 
xcasionally other scales are used—six, twelve, or 
sixteen feet to an inch. The last of these is too 
amall, but may be used for buildings covering large 
areas and containing little detail; and a “ one-sixth” 
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seale is a most objectionable one in practice, as the 
workpeople are unaccustomed to it, and not usually 
having it marked on their two-foot rules, are put 
to great inconvenience every time a dimension is 
required ; serious errors are in consequence only too 
likely to occur. The time will no doubt come when 
scales similar in principle to those used on the 
Continent, based on a decimal system, will entirely 
supersede those now in use in thia country. It 
is sometimes found desirable to include one or more 
drawings to a largo scale, such as two feet to an inch, 
to further illustrate important portions of the building. 
The contract drawings include plans, elevations, and 
sections. ‘The plans comprise block plan, plans of 
foundations, of every floor, of all elaborate ceilings, 
roof timbers, and finished roof plan, The sections 
are longitudinal and transverse; their number must 
necessarily depend on tho size und character of the 
building; they must illustrate tho interior of every 
large room, every difference of level, all xtuircasen, 
halls, corridors, the main roof construction, nnd any 
special feature of the interior. The elevations must 
show every portion of the exterior, both above and 
below the ground level ; the portion below is generally 
dotted, 

Before describing the drawings in detail, a few 
words on their preparation may not be out of plies. 
They are either drawn on sheets of paper damped 
with a sponge and glued round the edges to drawing- 
boards and allowed to dry and strotch as already 
described, or on paper mounted on calico. The number 
and general dimensions of the plans, elevations and 
sections must be ascertained and ronghly plotted on 
the sheets of paper, one or more being drawn on each, 
as apace will allow, with a wide uniform margin all 
round for the border-line, title, number, und scale, 
The first drawing is :— 

The Block Plan 

of a building, on which the proposed buildings are 
shown only in outline, together with the general 
surroundings and appronches; thus, if it is situated 
in town, the streets in front, at the sides and at the 
back, or the adjoining property, should be included ; 
if the site is in the country, the approaches from the 
nearest road, and all surrounding fentures that may 
be necessary to accurately fix the position of the build- 
ing, or may in any way influence the plan, must be 
shown, The draina and their connection with the 
nearest sewer or cesspool are usually drawn on this 
plan, as well as all out-buildings, yards, ureas, enclo- 
sures, terraces, and grounds. The scale of the block 
plan is generally amaller than that used for the other 
drawings ; it may be considered a survey rather than 
an architectural drawing. The cardinal points are 
usually ineluded, and any further information inci- 
dental to the site. 
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The Plan of Foundations 

is frequently included among the contract drawings ; 
many architects, however, in order to save time, make 
the plan of the lowest floor serve in ita stead. If the 
foundations ure very extensive, o carefully figured plan 
of them is a great convenience to the contractor and 
to the clerk of the works, and should nover be omitted. 
On this plan all the external and internal walls, 
foundations of columns, piors, machinery, hoists, 
engine beds, boiler fluos, areas, ete., must be distinctly 
shown, and if they are on different levels small sections 
should be added in the margin, carefully figured from 
any available fixed point on or near the site, For 
this purpose a doorstep, window-asill, string-course, or 
an iron pin drivon firmly into the ground where it is 
not liable to interferenco during the progress of the 
works, may be used, Tho distunces between the walls, 
piers, ote, the width of all openings and arches, should 
be carefully figured us fir as possible from contre lines, 
und the thickness of all the walls should, if built of 
brick, be stnted in bricks thus, <— 14 bricks —->. 
On the small sections the radius of each arch must 
be figured, and the contre from which it is struck 
distinctly marked. Concrete, puddlo, piles, flagging, 
required by the nature of the ground to make sound 
foundations, must be shown, figured and distinguished 
by suitable tints. 


The Basement or Cellar Plan of a Building 
ia that of tho floor built wholly or partly below the 
wtreet or ground Jevel; in muny buildings erected on 
valuable sites a sub-basement is placed below (in some 
eases severnl), The height of the cellar above the 
ground depends, of course, on the use to which the 
building ubove is devoted ; if the ground fluor is to be 
formed into shops, or use:] for any purpose that necessi- 
tates an approach by only one or two steps, the cellar 
must be entirely below the ground level, and lighted 
by aroas or deck-lights ; but when the architect is not 
thus bound, it is advisable to build it a third, and if 
possible half, of its height out of tho ground, Build- 
ings intended for domestic purposes should invariably 
be collared throughout, even if the space cannot be 
used for any useful purpose, as it adds, if well venti- 
lated, to the dryness und warmth of the floora above, 
In warehouses the engines, presses, and ull heavy 
machinery are invariably placed on the lowest floor, 
as the vibrations would in course of timo injure the 
building if they were placed in one of tho upper 
atories ; and as portion of the basement is generally 
used for the storage of the heavier goods, it is usual 
to build it with as large a window area as poasible 
above the street level. The contract drawings of a 
warehouse should therefore include a sub-basement 
plan entirely below the street level, in which the 
boilers, engines, presses, and any other machinery 


required can be placed, and a basement plan having 
window-sills level with the street pavement, if possible, 
for the storage of heavy goods. The position of the 
boilers and machinery, engines and shafting, on the 
plan must always be carefully studied and distinctly 
drawn, a3 they should of course beso placed that they 
can be easily removed when worn out, Instances 
have been known to ocour when it has been necessary 
to take down portion of a building in order to remove 
an old boiler and insert a new one, through the neglect 
on the part of the architect of this very obvious. 
foresight. Machinery of every description should 
invariably be drawn on the plan with sufficient space 
for the workpeople to approach it from every side. 
Boilers would be uscless without plenty of space in 
front, and if the position of the cual stores and means 
for removing the ashes were not carefully planned, 
great loss of time and unnecessary Inbour would be 
caused. When the basement or sub-basement floor is 
boarded, short air flues, protectod by cast-iron grids, 
must be shown on the plans, extending from below 
the floor-boards to the exterior of the building, to 
provent the air between the joists from becoming 
stngnant. Shafts or flues must be carried above the 
roof, to carry off vitinted air, and be drawn both on 
the basement plun and on those of all the upper 
floors. If the architect omit these detuils, the property 
of his clients will soon become subject to dry rot. 
On tho plans of these floors, both the internal and 
external walls are made considerably thicker than 
on the plans of the floors above—moro especially the 
latter, which should, in the caso of dwelling-houses, be 
surrounded by a continuous aren cightoon inches wide, 
covered with a cast-iron grating as a protoction against 
dump. Basement plans are not always arranged to 
provide for storage and machinery; occasionally the 
architect is expected to provide accommodation for 
muny other purposes, more especially in buildings 
erected in large towns, For instunce, dining and 
billiard-rooms ure frequently placed below the street 
level; large fire-proof safes and muniment-rooms must 
be shown on the basement plans of warehouses and 
banks, The small theatre in the basement of the 
“Criterion” in London, the boys’ reading-room under 
one of the free libraries in Manchester, and school- 
rooms under churches and chapels, are examples of 
basement floors made to serve special purposes. 

The above remarks will convey to the young archi- 
tect a fair idea of the points to which he should 
direct his attention in connection with the plans of 
cellars or basements of the different classes of build- 
ings named. As a rule too frequently with many, 
this part of the structural arrangements has but little 
attention given to it, and in many “sets of plans” go 
called, its plan is altogether absent. 
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THE ALKALI MAKER AND HIS TECHNICAL 
WORK. 


INDUSTRIAL IMPORTANCE OF HIS PRODUCTS—=THE MAKING 
OF SULPHURIO AOID, 80D4 ABH, Caustic Sopa, Sopa 
CRYSTALS, USED IN A WIDE VARIETY OF PROCESSES, 





CHAPTER I. 
Introductory. 

Srxry years ago the alkali maker depended for his 
raw material on the ashes of planta; sou woeds when 
burned yielded the alkali called soda, while the ashes 
of land planta yielded the ulkali potash. Since that 
time—that is to say, since 1823—the ingenious process 
discovered by a French apothecary nawed Le Blane 
has been introduced all over the world, but especially 
in England, for the manufacture of soda from common 
salt. This invention dutes from the yeur 1792, and 
the process was in work in France two years later; but 
the inventor did not reap the fruit of his Inbours, and 
after a life of much suffering died in a French work- 
house, This, or a like, is the two frequent fate of the 
benefactors of mankind, as the annals of invention 
and discovery but too painfully show. 


Materials used in the Process. 

The details of the process os laid down by Le Blano 
differ in no important respect from that at present in 
use—the materials required, and even their amount, 
being precisely the same. These materials are :— 

Sulphuric acid (oil of vitriol), 

Sodium chloride (common sult), 
Carbunate of lime (limestone, chilk), and 
Coal. 

The alkali maker soon found it advantageous to 
make hiy own vitriol, and as in every large alkuli works 
the vitriol plant is worked beside the alkali plant, we 
begin with a description of this important manufacture, 


Manufacture of Sulphuric Aoid. 

Oceurrence-—Sulphuric acid occusionally occurs 
in the free state in nature. This is particularly the 
case in volcanic ncighbourhoods, such as Iceland, the 
Andes, New Grenada, and Java, where it is doubtless 
produced by the oxidation of sulphur and itscompounds, 
Although the nmount of acid formed in this way is 
sometimes large, amounting according to Boussingault 
in one case to 15,000 tons per annum, it is not possible 
to utilise such sources for the economic production of 
the acid. 

History.— Sulphuric acid was probably known to 
Geber, but its preparation is first described by Basil 
Valentine, and still more fully by Gerard Dorneas 
in 1590. It was made at that time by distilling 
sulphate of iron (green vitriol)~-a method still em- 
ployed for preparing the strong fuming “ variety ” 
called Nordhauren sulphuric acid. Its manufacture 
from sulphur is of English origin, and is due to Dr, 
Ward, who patented a process for its production, by 


heating a mixture of gulphur and nitre in large glass 
vessels containing a little water to dixsolvo the sul- 
phuric acid formed, This acid was known as oil of 
vitriol “made by the bell,” and was thus distinguished 
from that made from green vitriol, The glass “ bell” 
was soon replaced hy lenden chambers, at the sugeestion 
of Dr. Roebuck, of Birmingham, who, in 1749 erected 
large works at Prestonpuns in Seotland, where the 
manufacture is still carried on. Since then the ope- 
ration has been chiefly improved by inereasing the 
sizo of the chambers, aud by currying on tho progess 
continuously. 
Theory of the Manufacture of Sulphuric Acid, 
The materials now used for tho manufacture of 
sulphuric acid areas follows i— 
Sulphur, or iron pyrites, yielding sulphur dioxide, 
when burned. 
Chill saltpetra (sodium nitrate), yielding nitric acid 
when treated with sulphuric acid, 
Airas n source of oxygen, 
Water in the form of dteam. 
When these four products—namoly, sulphur dioxide, 
nitric acid, air, and steam—ure brought together, sul- 
phuric acid results, but the precise charactor of the 
reaction has given rise to much discussion, and even 
now can only be approximuely explained,  Srivily 
stated, its general nature is as follows:—The sulphur 
dioxide takex up oxygen from the nitrie acid, thereby 
producing various oxides of nitrogen and sulphuric 
acid. These oxides of nitrogen are also capable of 
oxidizing sulphur dioxide, and in presence of stean 
sulphuric acid is fommed, and ultimately nitric oxide, 
which, however, is incapable of oxidizing sulphur 
dioxide. But nitric oxide is rendily converted by the 
oxygen of the air into higher oxides, which again effect 
the oxidution of further quantitics of sulphur dioxide, 
and by tho recurrence of these rouctions a continuous 
process is established which theoretically ought to go 
on so long as fresh quantities of sulphur dioxide, steam 
and air are admitted to the chnaber, Of course this 
is practically unattainnhle, owing to leakage, dilution 
with the nitrogen of the air and other eunees, and 
henee it iy necessary to add from time to time fresh 
quantitics of nitric acid ay well. 


Reactions in the Process of Sulphuric Acid Making, 
The reactions may be expressed hy the following 

chemical equations i— 

(a) Nitric acid (2 HNO,) + Sulphur dioxide (SO,) «= Sulphuric 
acid CTO} + Nitrogen tetroxide (N,O,). 

(2) Nitrogen tetrokide (N,O,) + Sulphur dioxide (80,) + 
Water (11,0) = Sulphuric acid (1,80, + Nitrogen 
trioxide (NyO,). 

(o) Nitrogen trioxide (N,O) + Sulphur dioxide (8Q,) -+ Water 
(H,O) = Sulphuric acid (11,50,) + Nitric oxide (NO). 

(d) Nitric oxide (Ny) + Oxygen (0,) from the air= 
Nitrogen tetroxide (N,9,). 


Thus it will be seen that equations a, and ¢ all 
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result in the formation of sulphuric acid and of one of 
the oxides of nitrogen capable of oxidizing sulphur 
dioxide, with the exception of nitricoxide. This, how- 
ever, is easily converted again into a higher oxide by 
mere contact with the oxygen of the air (equation d), 
and if more sulphur dioxide and water be added, the 
reaction represented in equation } ia repeated, and 
the process thus becomes continuous. During these 
reactions « aolid crystalline compound frequently forms, 
ealled “leaden chamber crystals”; as it easily decom- 
poses on addition of water, yielding sulphuric acid 
and nitrogen trioxide, its formation does not inter- 
fere with the process, Its constitution is represented 
by the formula 80:No, while sulphuric acid is 80,88. 
On addition of water (or steam) the following reaction 
occurs ;— 
Leaden chamber crystals (2 80,86,)+ Water (H,0) =Sulphurie 
acid (BO,HO).+ Nitrogen trioxide (N,0,). 

Apparatus for carrying ont the Processes described in last 

paragraph.— Making of Sulphuric Acid on the Small Boale, 

On the smal] scale all these processes may be carried 
out (including the formation of the chamber crystals) 
hy means of the apparatus represented in fig. 1. 

c 





Fig. 1, 

In the bulb tube @ sulphur is heated by means of a 
Bunsen lamp, and the sulphur dioxide produced is led 
into the flask 4, where a mixture of nitre and sulphuric 
ncid is heated so as to yield nitric acid ; the gases then 
pass into the large globe c, where the various reactions 
take place, aided by steam obtained by boiling water 
in the flask d, The supply of air enters at the open 
mouth of the tube a, and is kept up by attaching the 
tube ¢ to an aspirator. If the water in d is not 
heated at the beginning of the operation, the leaden 
chamber crystals form in c, but are soon removed on 
allowing steam to pass into the globe, 

On the large scale we have an exact counterpart of 
this miniature apparatus: the globe o is replaced by 
huge leaden chambers, the bulb tube @ by pyrites 
burners or kilns, the flask 6 by iron pots containing 
nitre and sulphuric acid, the flask d by ordinary 
boilers, and the aspirator is represented by the chimney 
of the works, 


Kilns or Furnaces for Burning or Caloining the Pyrites used in 
the Making of Sulphuric Aold. 

The pyrites used for the manufacture of sulphuric 
acid usually contains from 30 to 48 per cent, of 
sulphur, about 40 per cent, of iron, and the re- 
mainder is made up of silica, copper, arsenic, ete, 
It is burned in a kiln which is kept frequently 
supplied with fresh quantities of the ore, while the 
spent or “burnt ore” is removed and is usually gold 
for the sake of the copper it contains, Various forms 


of kiln are in use, but there js not much difference in 
their construction. Usually they are built of brick, 
cased with iron plates and bound with iron rods, The 
interior ia lined with fire-brick, and the bed consiats of 
loose fire-barx, while the doors and other openings are 
of iron, Fig. 2 gives a rough sketch—a diagram, 
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merely, not in any sense a working drawing (see 
the pnper entitled “The Furnace Designer and 
Builder ”)—of the pyrites burner or furnace; a, a, 
are sliding doors for nitre pots; 6, b, doors through 
which sulphur ore is admitted; o, ¢, sliding doors 
through which the ore is raked from time to time; 
d, d, iron doors closing in fire-bars and ashpit. Fig, 3 
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Fig. 8, 
is a section; ¢, ¢, nitre pots; 7, f, fire-bars on which 
sulphur ore rests; g, flue to vitriol chambers. 
Connected with the pyrites kilns are small] chambers 
in which iron pots containing a mixture of nitre and 
sulphuric acid are placed so as to generate nitric acid, 
Chili saltpetre (nitrate of soda) is usnally employed, 
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the proper quantity of vitriol added, and the “nitre pot : 
thus charged is sufficiently heated by the pyrites kiln. 
The nitric acid, pasaing off, mingles with the sulphur 
dioxide, and both gases, as well as the products of their 
reaction on each other, are led by the same flue into 
the leaden chamber. 


The Leaden Chambers used in the Manufacture of Sulphuric 
Acid, 


The chambers are usually placed above the kilns, 
e, e, fig. 4, and the floor thus forms a roof beneuth 
which such operations as the breaking up and sorting 
of the sulphur ore are conveniently conducted. On 
this floor, 2 A, fig. 4, sheet lead (of about 10 Ib, to the 
syuate foot) is spread so ax to cover the entire area, 
and the sides are bent up about a foot, sous to form 
n huge reservoir for the acid. Abovo this reservoir 
a wooden framework is constructed to support the 
walls and roof of the chamber, which are mado of 
shect lead (alout 5 Ib. to the square foot), and fastencd 
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to the framework by leuden straps, soldered to the 
chamber and nailed to the wood, In this way ao vast 
leaden room is constructed (sometimes having a capucity 
of 40,000 cubic fect), while the floor consists of a huge 
shallow leaden tank, as 1A, fig, 4, in which the acid is 
collected and stored, The sides ure not attached to 
this tank, but simply hang close to the turned up 
sides, as at c, and the escape of gases from tho chamber 
ig prevented by the layer of acid, which forms a per- 
foctly tight lute. 

The gases aro admitted to the chumber d d, fig. 4, 
from the kilns ¢, ¢, by an iron pipe g, placed rather 
nore than half way up, and they are led off to another 
chamber by a pipe placed low down in the chamber, 
und at a distance from the first pipe, In the second 
chamber the condensation of the acid is still further 
earried on, 

The dilute acid thus produced is syphoned off 
into 1 tank from time to time (a), and needs only 
to be further concentrated by evaporation in shallow 
pans, lined with lead. 

VOL, I, 
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Recovery of the Nitrons Fumes created by the Process of 
Sulphuric Acid Making, 

If the manufacture were conducted ns already 
described, large quantities of nitrous fumes would 
pass up the chimney, and not only be lost to the 
manufacturers, but would pollute the air to an 
intolerable extent, To obviate this, Gay Lussac 
proposed to absorb these fumes with strong sulphuric 
acid, and to recover them by simply diluting this acid. 
For this purpose two towers aro employed, usually 
about fifty foet high, one called the Gay Lussne or 
absorbing column, the other the “Glover” (for this term 
see the “Technical Dictionary ”) or denitrating column. 
The Cray Lussac colunn is made of strong sheet lead, 
and is packed with pieces of coke, over which strong 
sulphuric acid is allowed to trickle. Tho chamber gases 
enter at the lower portion of the tower, and in pussing 
upwards yield the nitrous fumes to the sulphuric acid, 
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which is collected in a cistern at the foot of the tower, 
and is then known as nitrated sulphuric acid. A cistern 
at the top supplies acid of specific gravity about 1°75, 
and another cistern at the foot receives the nitrated 
acid, which is afterwards pumped to the top of the 
Glover's tower or denitrating column, which ix paueked 
with flints instead of coke. Two cisterns, a, « (lig. 5), 
ure arranged at the top, one containing chamber acid 
and the other nitruted acid, und when these ure mixed 
together in the tower, the latter parts with its nitrous 
fumes, At the lower end of the tower the sulphur 
dioxide is admitted direct from the pyritus burners, und 
mecting the liberated nitrous fumes, carries them away 
to the chamber where tho reaction is still further de- 
veloped. At the same time the heat of the gases from 
the kilns serves to cvaporate the diluted acid, which 
is considerably strengthened by tho time it reaches 
the cistern J ut the foot of the tower; indeed, in some 
works no further process of concentratien is adopted. 
6 
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THE BUILDING AND THE MACHINE 
DRAUGHTSMAN. 


CHAPTER TI. 
Introductory, 

Tr tho reader will turn to the illustrations under 
the head of “The Ornamental Draughtsman,” toke 
even but a briof glince ut them, and study only 
slightly the instructions which accompany them ; and 
if thereafter ho will turn to those illustrations given 
wnder the heads of such constructive subjects as 
Carpentry, Joinery, or Moechanisin, he will readily 
see, ah the result of this comparative observation, 
that thore is a oinsrked and distinet. difference 
hetwoen the styles of these, or methods by which 
they must be drawn or delingated, and that there 
must be also a difference between the principles 
Which guide the practice of the ornamental und 
those whieh dicinto the work of the building or 
architectural and machine or engineering draughts: 
man, ‘The ornmmimental dranghtsman in the exeeution 
of his work has nothing to depend upon but 
the neenrey of his oye to apprecinte and take in 
the conception of form and to ostimate distances 
and dimensions, and the skill and dexterity of 
his hind to give position to the lines and curves 
making up the object which he has to draw. or 
copy. Jn none of his work has he the aid or 
help of any mechanical appliance or instrument. 1f 
he has a straight line to draw of a given length, he 
must trust tothe steadiness of his hand to draw it 
as stitight as he can; and to tha eve also he has 
to trust in deciding the length of the line. So with 
curved lines he has still to trust to his eve: and onthe 
fict as to whether his eye is edueated or not depends 
(he circumstance as to whether he makes an accurate 
copy or representation of the curved line as it really 
ix, or only that which he supposes it to be. This 
distinction is worthy of being noted here, for although 
very contrary indeod to the popular notion which 
determines or supposes that ifa man looks at an 
object he therefore saves it, the remark of one of our 
ablest Chinkers and observers is profoundly true, that 
the eve only sees what it brings the power to see, Or, 
in other words, the oye must be educated to see things 
properly before they can be seen accurately—not 
merely ad one supposaa that he seos them, The 
remark has its practical application to the work of the 
building and the machine, as well as to that of the 

Tata ete oe (ug ie eeanieens 

Vor although, as may have been gathered from the 
brief comparative: view we have recommended the 
reader to take, and as will be presently more fully 
seen, the building and the machine draughtsman is 
aided and guided in his work by special appliances 
and precise rules and methods of operation, it is 
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quite a mistake to suppose that the education of the 
eye is not of importance practically to them both’ 
This should be so trained that it can take in accurate 
conceptions of form and of distances and dimensions, 
although it may not be demanded of them that they 
should have ull the mnnipulative doxterity of the 
ornamental draughtsman to put the work of the 
eye on revord upon papor. The reader will soe, as he 
proceads, that this education of the eye will be of great 
practical value, even to the machine draughtsman, 
who is but seldom called upon to do any work which 
ean be dignified with the name of “ ornamental 
drawing.” But to the building draughtsman it is 
absolutely essentiul, as one department of his work is 
as much purcly ornamental ag that of the draughte- 
man whose speciality is the drawing and designing 
of forms purely ornamental as well as of natural or 
conventional forms, 

Mstinction between the Work of the Building and Maohine 

and that of the Ornamental Draughtsman, 

Unlike the work of the ornamental draughtsman, 
that of the builder or architect and the machinist 
or engineer, so far as working drawings are con- 
corned, is performed by the aid of appliances and 
instruments more or less numerous. By these 
straight Jines are drawn and curved ones doscribed 
with all accuracy and fineness ag regards direction 
and style, and distances are measured and trans- 
ferred and dimensious tnken and Iaid down on 
the paper with absulaute practical accuracy and pre- 
cision, Nothing, so fur as those points are concerned, 
is to be left to the decision of the eye, however accu- 
rately it may be able to do its work; nothing to the 
guidunce of the hund only, however delicate may be 
iig manipulative dexterity. The work is done solely 
by the use of instruments delicately adjusted, and by 
appliances accurately constructed. 

The Spocial Olass of Drawing required by the Builder or 


Machinist, frequently termed ‘' Mechanical Drawing "— 
Beason why this Term is not here adopted. 


Hence the name of “ mechanical drawing ” has been 
given to the work of the architectural and enginocring 
draughtaman ; not wholly, or correctly viewed, because 
the work is supposod to be connected with machines 
and machinery only. For if so, architectural work 
would be excluded, which per se has little or nothing 
to do with machines or machinery, however much 
they may be employed to nid the constructive work 
of the builder (see ‘The Stone Mason”). If 
senliad to it at all, the term “ machanieal drawing” 
should be understood to convey the idea that the 
work of the building, machine, or engineering 
draughtsman is performed by the aid of instru- 
ments and appliances which, in their nature and 
construction, are purely “mechanical.” When the 
term “mechanical drawing” is applied, or supposed 
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to be applied, to the drawing of machinery only, 
it is far too limited in its scope. Hence the 
reason why we prefer to use the wider term which 
embraces the work both of the builder and machinist 
in preparing their working drawings, in which the 
principles dictating the practice are common to both. 
Proposed Mode of Treatmont of the Subject. 

In presenting what instructions we havo to give 
under our title, we propose to divide, so far as 
may be practicalle, the work of tho building 
from that of the machine draughtsman, giving 
thoso constructions and forms which aro specially 
applicable to the practical work of ench under separate 
chapters or divisions—preceding those hy illustra- 
tions and methods or rules common to the practic 
of both. As we have already hinted, there is, 
however, this difference between tho practice of the 
two classes: that whilst the work of the machine or 
engineering draughtsman may be said to bo wholly 
done by the aid of instruments and appliancos, that 
of the building or architectural draughtsman comes 
under évo classes or divisions. The first, of these is 
the same in principle as that of tho machine or 
engineering draughtsman, being performed by thoxe 
appliances und instruments; the second that in which 
the principles of ornamental drawing are involved, 
the work being that of design purely. It is obvious 
that with this latter class of drawing tho present 
series of chapters has nothing to do; the building 
or architectural draughtsman who desires to study 
this branch of his work must go to the series of 
papers given under the title of “The Ornamental 
Dranghtsman,” the instructions there given being 
strictly applicable to this department of his work. 

Tho ‘ Copying "’ of Building or Architectural and of 
Machine or Engineering Drawings. 

Having stated this by way of explanation of 
the differonce between the two departments—build- 
ing or architectural, and machine or enginevring 
drawing — we now proceed to give examples of 
work in each, preceding these, as we have said, 
by explanation and illustrations of work common to 
both. In what we have to give on the subject 
of our paper considered as a whole, we do not pro- 
pose to take up much space on the subject of mere 
“copying” of drawings. What we give under this 
head will be purely elementary, and by consequence 
will be comprised in a comparatively brief series of 
sentences, and illustrated by comparatively few dia- 
grams. Nor does much require to be said on this 
subject of copying. Once the general principles upon 
which it is based are understood, it rests with the 
draughtsman to give that steady and patient practice 
by which alone a ready facility to copy drawings, 
however complicated, can be acquired. What the 
technical student requires, in as wide a varicty as he 


can obtain, is a series of constructions practically useful 
in the actual practice of architectural design, building 
conatruction, or engineering work, and in mnachine 
designing and making. And it should be hero taken 
note of, that the mere work of setting out those 
various parts which are thus of such practical value 
will constitute in itself a wide range of practico in 
“copying.” The more the draughtsinan adds to the 
number of constructions or probloms of the kind above 
alluded to, the more readily will he acquire the art of 
“copying” such drawings as may be prosented to him 
in his office or in tho practical work of his study of 
the art, (See tho paper entitled “The Young Archi- 
tect or Hngincer, His Studies, Ollieo Duties and 
Practical Work.” 

A facility to copy correetly is beyond all doubt useful 
to the dranghtsman,--in point of fact, he eannot 
dizpense with it; but it isa mistake to consider that 
copying alone constitutes the work of tho draughtsman, 

Copying of Drawings—Some Remarks on the Methods 

by whiqh it is too frequently Practised. 

It ix, however, none the less a fact that with some 
teachers of what is popularly called mochunical dvaw- 
ing, the wbility to copy dmwings which may be placed 
before their pupils composes the whole of their 
practice. This, however, may be said to apply more 
particularly to ordinary schools, although not seldom 
is the mistuke mado to Kome extent in those whieh 
claim to possess a higher stutus, as in some technival 
classes or schools. This systom would not: be so prolific 
of untoward, if not positively evil results, if the task 
of mere “copying” of the drawings allotted to pupils 
ng tho one and only feature of mechanical drawing 
so callod was in all cases performed on correct or 
common-sense principles, But the pupil is but tov 
frequently set to a drawing and told to eopy it, and 
this he does as best he can; and if failing to under- 
stand how itenn be copied, the teacher may practi- 
eally show him some way in which the various parts 
of the drawing placed before the pupil may be in 
gome fashion or other copied, But in many cases 
what method may be shown tho pupil is in itself 
anything but methodical. The pupil in such casos is 
not able to comprehend the drawing or subject: as a 
whole. Of the machine, he has no explanation given 
him as to what are the characteristies of the worl. 
to be done by it, and how those characteristics of 
machinal necessity give birth, as it were, to the 
various parts, and the way in which they are arranged 
in relation to ono another, If the pupil were mado 
to understand this relation he might, and if of even 
average intelligence he would, be led to see more or 
less clearly how that relation would indicate or dictate 
to him a method of copying the drawing of the 
machine before him, which would from its common- 
aense fashion have sume claim to be considered 
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methodical. In but too many cases the pupil is left 
to go blundering on, beginning at one part, and that 
without any consideration as to whether that was or 
was not the right part which he ought to begin with. 

He next leaves this part, being probably soon 
tired of what he cally the samencss of the work, and 
urged by # desire for change goes to another and 
perhaps a totully different part, All relutionship of 
one part of the design to another part thus wholly 
vanishes, or we should rather say has had from the 
very beginning of his work no existence, Even 
viewing the diferent purts which he takes thus in 
hand to copy as in themselves distinct copies, he has 
but too seldom imparted to him a correct notion of 
how that part should be copied, Even in but a single 
part, ho will just as likely as not begin to copy ata 
point which is the very lust ho should start with ; and 
this aimless and objectless way of working is alinost 
vertuin to bring about errors, And an error at the 
first starting becomes, ux tho drawing or copying is 
procecded with, groater and greater, fill the copy as a 
whole when sud to be finished is such that the work 
had better never have been attempted, so erroneous 
ix it as whole, The pupil, moreover, having no fixed 
principle upon which he does his work, is just os likely 
to attain tho same end of erroneous work in the 
next drawing hoe is sot. to copy us not. And thus 
it comes about that continued practice, in place of 
making his work more and more perfect, has in’ fact 
precisely the opposite result, Tt is) practically but 
folly for one to have a facility in’ going quickly 
over ground if the direetion is one in) which he 
ought not to go at all, 


The True Principle underlying all Good Practice in the 
‘Copying " of Building and Machine Drawings. 

Now, if a drawing, no matter whether it be archi- 
toctural or engineering, be well thought out—that is 
if the design be good (and the remark in great measure 
applies to all drawings, even those badly designed)— 
when closely examined, it will be seon that its parts are 
grouped round a central point; and even when taken 
in divisions and each one considered separately, it will 
be secon that it has a central point round which its 
constituent parts group themselves, and to which they 
are subordinated. We have, ina tree, a graphic illus: 
tration of this essential truth in all drawings of con- 
struction, This, if we anulyse it, ig made up of a series 
of branches. Each branch has its offshoots in lesser 
branches, which again have cach their offshoots, until 
wo come to the tender twigs, almost hairlike in dimen- 
sions, and these agnin have their offshoots. We have 
thus a series—nnd Jn a large tree their number is, so 
to say, infinite or numberloss—of parts, each of which 
is dominated, to use a graphic expression, by a central 
point round which its minor members group them- 
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selves; and all those parts are again dominated by 
or subordinated to the great central point of all— 
namely, the trunk or bole of the tree. 

Now, the lesson to be learnt from what we have 
here stated should be obvious. And yet that it is not 
so, or at least that the principle which our remarks 
and example involve has not been thought of by 
many, even by some who profess to teach mechanical 
drawing so called, is obvious enough when we con- 
sider the way in which many pupils are turned out 
from some classes ag finished or educated draughts- 
men ; which # practical man, who knows what drawing 
really is, very soon finds out that they are not—if they 
be sent to his drawing office or his works. We have 
said that the lesson which our remarks carry with 
them ig obvious enough. And it may be stated in 
two sentences, If the drawing to bo copiod as a 
whole be carefully considexed, with a view to discern 
its object, it will be found, us we have said, that how- 
ever numerous the groups of purts making up the 
whole, cach group has its central or dominating point, 
and all are dominated by the chief or central point of 
the whole design. And further—and this is the point 
Ho far aa the copyist is concerned—that if he can get 
n serics of central points or lines, and the exact posi- 
tion of those on the paper on which he is to make his 
copy by found, he is likely to copy his drawing with 
greuter accuracy than if hoe begins at any single point 
and goes foundering on as best he can to find other 
points in relation to the first. The position of the 
cuntral lines in the original being clearly and decidedly 
defined, by neeurately adjusting them and transferring 
them to his own paper on which the copy iy to be 
made, the draughtsman has not only a series of lines 
—branchies, xo to say, going buck to our example ofa 
treo—from which ho cin measure the distances of its 
stbordinute parts, but they afford a series of datum 
or leading lines, by which he can test the accuracy 
of their position in relation not only to one unother, 
but. to the great central line of the whole design—the 
bole or trunk of the tree in the example we have 
tuken to illustrate this essential principle of drawing 
and copying. How this central-line principle is 
applied to and carried out in not merely the copying 
but the designing of architectural and engineering 
subjects will be seen us we proceed. 

The Instruments and Appliances used by the Building 

and Machine Draughtsman, 

Lessons and ¢xumples connected with what is so 
often called mechanical drawing —a term so loose and 
vague that we have, as already explained, determined 
not to adopt it in our paper—are generally preceded 
by descriptions and illustrations of the various kinds 
of instruments employed in the work of drawing, 
whether that be of merely copying or of designing. 
This we do not consider necessary to give here. 
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THE GRAZIER AND CATTLE BREEDER AND 
FEEDER. 

THE TECHNICAL POINTS CONNECTED WITH THE VARIETIES OR 
BREEDS OF CATTLE—THEIR BREEDING, REARING, FRED- 
ING, AND GENERAL MANAGEMENT FOR THE PRODUCTION 
oF BUTCHERS’ MEAT AND OF DAIRY PRODUCE. 





CHAPTER IT, 


At the conclusion of the first chapter, we stated 
that increased national prosperity had increased the 
demand for farm produec; this obtained to such an 
extent, that the same principle of subdivision of 
labour and of commercial and trade Interests which 
led to the severance of what formed specinl and 
distinct trades in other branches of industry into two 
or more divisions, ench of which in turn gave rise 
to o new trade, led also to the subdivision of the 
special, and for a long time the single work of the 
farmer into several branches. No doubt, cireum- 
stances of locality, soil, and climate in course of time 
dictated nlxo this subdivision 5 but the general result, 
is that now we have farming practicnlly carried on 
under separnte classes. We thus have the sheep 
farmer, the dairy farmer, the town or suburban 
farmer; and Jastly, not to go into other finer sub. 
divisions, and cognate to our present remarks, tho 
breeder and feeder of live stock designed for the 
butcher—in other words, the grazier. The details 
connected with what may be termed general farming 
will all be found treated of in the series of papers 
entitled ‘The Farmer asa Technical Workman,” while 
those connected with the last named of them, “The 

Grazicr,” will be taken up in the present series, the 

reason for giving separate place to which in our pages 

will, we trust, be now obvious to the reader, 

The Three Classes of Live Stockh bred, reared ‘and fattened for 
the Production of Butehers’ Meat—Fattoning Cattle—The 
British pre-eminently the Best Breeders of Cattle. 

Of the three classes of farm live stock, bred and 
reared for the butelher or as producers of what is 
known as animal food or butchers’ ment, the 
fattening cattle, sheep and pigs, the first-naimed 
ranks highest in practical importance, and takes the 
first place in the estimation and the work of the 
grazier. It is almost impossible to exaggernte the 
importance of the work done by the grazier (thus 
to be treated of as a separate branch of the work 
of the British farmer) in increasing the value of 
breeding and feeding cattle. In the production of 
mere numbers or large herds of “stock "—which 
name, by the way, ig almost universally understood 
to apply to cattle only—our farmers are of course 
excelled by those of other countries, with their vast 
extent of grazing or feeding grounds, as on the 
continents of Europe and America, But for the 
excellence of our breeds, which embrace every point 


which constitutes the valuo of fattening animale, the 
British grazier stands alone, Beginning, in the early 
days of the work of the grazier, with animals of 
the poorest kind, by a cloro study of their physical 
characteristies, and of tho natural Jaws which regu- 
late what is called “breeding,” he has succeeded in 
raising classes of stock which in their capacity ta 
increase in bulk, and fatten in the minimum of time 
with the minimum of food, are excelled by no breeds 
of enttlo in the world, Their execllence is such that 
they are eagerly sought for by the breeders and 
reavers of cattle all over the world, And such is 
the reputation they have universally obtained, that 
prices are given gladly which somo of our renders 
who come new to the subject will deem fabulous, 
Of all our breeds, that known as the “ Shorthorn” 
tikes tho highest rank, and animals of tho purest 
blood have been sent to all parts of tho world to 
improve the indigenous breeds of various countries, 
With this end in view, and with a just estimate of 
their value, it is no uncommon thing to read that. 
such and such a breeder in some foreign land, or in 
our own colonies, as Canada or Australia, has given 
fora single animal one thousand, two thousand, and 
even so high a sum as three thousand five hundred 
guineas—in trath, ina few cases sins much higher 
than this, This statement alone will give to the 
noviciate In grazing as oa technical calling some 
eoneeption of the important work done in the way 
of improving the breed of comm mative eattle by 
British farmers. 

The High Position of British Cattle Breeding ono of the 


Reasons stated why Farmers should devote themselves to 
Grazing, 


It is in view, indeed, of what they have done, 
and of the peculiar and highly valuable characteristios 
which our land and climate possess for the parposes 
of the trade, that tho most practiea! and the most 
advanced in science of our agricultural authorities 
ktrongly urge upon British farmers the importance 
of making tho breeding and renying of stock “or 
eattle--the ehief work of British farming, = They 
miintain that, taking into consideration the uncertain 
character of our climate, the faet that our highest 
normal temperature is much below what is required 
for the wheat erop to be grown in perfection for the 
purposes of “The Corn Miller” (which see), in’ the 
production of flour for bread-muking; and in view, 
moreover, of the perhaps most potent influence-. that of 
the competition of other and more favoured countries 
—corn growing, or what is known chiefly as “arable 
culture,” is not, and will never be, a trade which will 
give the highest return for the lowest outlay ; and 
that what the British farmer has only to look to 
for his living in the future is the breeding and 
rearing of stock. In this position those advanced 
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authorities above alluded to maintain lies our chief 
power in making farming or grazing, in other words 
cultivated land, pay. And they point out two direc- 
tions in which this will be brought about. First, that 
as mere breeders of improved stock for the supply 
of other countries, there is a large and a paying trade 
to be done, which will last for a long course of years, 
The second direction ix, however, the more important 
—namely, the ever-increasing demand for flesh meat 
by our own people, and for which they pay, and havo 
for years, indeed, paid, prices which should be re- 
inunerative to the grazier and breeder and fuattener 
of stock. In our remarks in «a preceding paragraph 
wo have referred to the great question which has 
thus arisen of late years for discussion—namely, that 
connected with the conversion of corn-growing lands 
into grass lands upon which a larger number of cnttlo 
can in the future be reared than has been the practice 
of the past, There are those, howover, who, in con- 
sidering this important question, overlook certain facts 
of grave iinport which will in many localities decido 
the question ax against this proposal of an  almonst 
universal change of corn-growing into grass-growing 
land, or, as it has beon very generally put by the 
publie pross, the doing away with arable for what 
they call growland culture. And one practical 
deduetion has been singularly overlooked by many ; 
and this is, that even should corn-growing be so 
widely given over by our farmers as to constitute it 
athing of the pust, it does not follow that the work 
of the arable farmer will be no longer required. 


Bome Practical Considerations affecting the Quostion of Grass- 
as against Corn-growing Lands Popular Misconception as 
to the True Meaning of the term ‘ Arable Land”.--An 
Increase of Arable Culture in roality a Necessity of an 
Increase in Cattle Brooding and Fattening conducted on 
the Most Advanced Principles of Agricultural Science. 

In other words, arable culture is not contined to the 
growing of corn, which some xeom to think it is, for 
they talk as though if corn-growing were given up there 
would be no need for the plough in our cultivation 

(see the paper entitled “Phe Agricultural Implement 

Maker"), but that- and that as a consequence—all 

Jand would be under grass, We have elsewhere, 

in » chapter in the paper entitled “The Farmer,” 

stated certain facts which show how utterly erro- 
neous this view of the matter is, There are many 
circumstances which greatly afleet this so-much- 
talked-of change, It is very easy for outsiders who 
are really not acquainted with the facta of the case 
to advise farmers to devote themselves to stock 
farming—to become, in facet, what is known as 
graziers, and to go in for fatting cattle as a trade. 

But what if there be no stock to fatten? This 

paradoxical, yet often common-sense way of putting 

the point, does not seem to have atruck many as & 


thoroughly practical one. But it is so nevertheless. 
For while the conversion of corn-growing into grass 
land has been steadily increasing of late, it is a some- 
what suggestive, and in many respects by no means a 
reassuring fact, that there has been little increase in 
the number of our fattening stock, while in sheep 
there has of Inte been a positive and a large decrease, 
This, then, points beyond all doubt to the important 
practical conclusion that our graziers must breed and 
rear more extensively, in order to bring on stock 
for fattening for the butcher. But this must of 
necessity be a work of time, which will of itself 
render the renlisation of the hopes or wishea of 
those who go in for grazing as the work of the 
farmer of the future very tardy. Another point 
affecting this is also often overlooked—namely, the 
fact that the conversion of corn-growing into grass 
land is not only a costly, but it is a slow process—in 
inany casos # very slow one. On this point the 
reouder will find ample notes in the chapter on ‘ The 
Farmer” above referred to. Further, aa affecting 
this so-often-tulked-of system of doing away with 
arnble culture, let it be understood—what by many 
is not known, or if known, for one reason or another 
kept out of sight—that though there is much land 
existing unfitted for the purposea of pasture or 
meadow, there are crops to be raised other than that 
of corn, And, in fact, these crops are required for 
the purposes of cattle-rearing and fattening, the very 
trade which, in its proposed extended condition, is to 
do away——so say many-——-with all arable culture. We 
are of those who believe, on the contrary, that so far 
as arable culture is concerned, a truer, because more 
scientific conception of what ecattle-feeding really is, 
will bring about 2 still wider and more extended 
system of arable culture—or jeeding crop culture, to 
give it its more specitic and more easily and popu- 
larly understood definition. We have yet to learn 
that it is not merely to grass landa yielding pasture or 
producing hay, as the sources of cattle food, that the 
British eattle-breoder has chiefly to look. On the con- 
trary, the time will come—is, indeed, rapidly advancing 
—when a more scientific system of feeding will be 
adopted, and which in place of lessening will greatly 
increase the number of the crops to be raised by the 
arable farmer, So far, then, from an increase in 
cattle breeding and rearing—in which, according to 
many, the future of British farming is to lie—doing 
away with the work of the plough and the cultivator, 
it will vastly increase it, and make cultivating (that 
ia, arable) implements and machines even more useful 
in the future than they have been in the past of 
British farming. How this is likely to come about, 
we shall see as we proceed to consider the practical 
points connected with the production of meat produce 
—thut is, the breeding, rearing, and feeding of 
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fattening cattle, These we propose to consider 
under three general heads—first, the “ Principles of 
Breeding,” second, the “ Foods used in Feeding,” and 
third, the ‘‘General Management of Breeding and 
Fattening Stock.” First, then, as to the principles 
of breeding. 


Principles of Breeding—Fattening Cattle or Stock, 


Although the principles of breeding are the same 
in the different classes of stock, the object directly 
in view differa according to circumstances, Thua, in 
the case of oxen or fattening stock, which are de- 
signed when matured for the butcher to be slaughtered 
for food, the object in view is different from that held 
in the case of dairy cows. Inthe case of fattening 
stock it is the aim of the breeder to have animals 
which will fatten in the quickest timo on tho least 
amount of food. Where dairy cows are concerned, 
the primary object of the brecder is to give to the 
animals all those physiological peculinrities which are 
known from experience to yield Jarge supplies of milk, 
and this of the richest character, from a consumption 
of the minimum supply of food, The secondary 
object is to have such a capacity in the animal 
that it shall keep in good condition during the 
period the cow is giving milk, or fatten quickly 
when it is no longer used for dairy purposes, but 
“dried off” and set aside to be prepared for the 
butcher, In the case of sheep and pigs the primary 
object in both——indeed, the only object in the case of 
the latter—is to breed an animal which will give the 
quickest return of meat or flesh for the sinallest 
amount of food; a secondary object in the caso of 
the sheep being points connecled with the quantity 
and quality of the wool, Lut in all thoso special 
cases, the general principle upon which effective 
breeding depends is the same, and thix we shall 
explain chiefly in connection with the brecding of 
fattening cattle, 


The Production of Butcher Meat.—Conversion of Vegeta ble 
into Animal Tissue or Flesh. 

What is called “butcher meat” may be considered 
popularly—although in one sense it.is also strictly 
acientifically true—~ag the “essence” or the feeding 
constituents of the vegetable substances upon which 
the oxen or fattening cattle live. Tho result of 
the process of feeding of the animalx is the con- 
version of vegetable into the animal tissues which 
we call “flesh” or butcher meat. The food of man 
himself is to a large extent made up of vegetable 
substances—bread, for example, the great staple of 
his food substances—but the majority of those which 
are more strictly and popularly known as “ vegetables” 
differ considerably in character from the vegetables 
which form the food upon which farm live stock are 


fed. Thus grasa, as afforded by tho pasture field, 
or in the artificially dried form of meadow grass 
known as hay, may be said to be the staple food 
of cattle. This grass, although in tho advanced prac- 
tice of modern stock manngemont supplemented by ao 
varioty of substances, such as turnips, oil cake, and 
various seed products—eg., beans and pease, and 
Indian corn meal, ote., cte.—may'be therefore taken 
as the typical or natural food of our fattening 
cattle, All those are purely vegetable, and all 
are partaken of by the enttle in a crude or the 
natural form aso rule, although in modern cattlo- 
feeding cooking forms a part of some of the systema 
introduced, Apart altogether, therofore, from con- 
siderations connected with the question of whether a 
vegetable, or a meat or flesh diot --or a combination of 
both—ia best for nan, we know that ho hag a liking, 
which may be said to be universal, for animal or flosh 
food. In tho strict: sense of the term, then, an ox 
or a fattening dairy cow may be sid to be simply a 
vehicle by which cortain processes can be carried on 
for converting vegetablo substancos—some of which 
man, in his civilized condition does not or ennnot 
eat—into mn animal substance whieh, known as 
butcher meat or flesh, he can eat, and) oats with 
relish, in one or other of its cooked forms, ence 
the ox has been said to be a machine for manu- 
facturing flesh ment out of vegotable stbstanees > and 
as those are, ns wo have seen, what man could not 
himself use, the fattening of oxen muy be said to be 
& means of utilising substances which, so far as he is 
concerned, would be but waste or useless, 


Object of the Cattle Breeder.~ Tho Quickost Conversion by 
the Animal of the Smallest Welght of Vegetable Food 
into the Largest Weight of Flesh. 

Looking, then, upon an ox naa vehicle by moans 
of which we poss crude forms of vegetable substances 
through a process or rather processes which change 
them into the tissues of animal flosh, the object of 
the breeder is to get un animal which will for a given 
weight in bulk of vegetable food yield tho largest 
weight of flesh tissue; and this possoxsing the rich, 
juicy and tender qualities which--togethor with a 
fine colour and flavour—make up the charneteristics 
of the high quality of “meat” whieh man, in his 
modern civilized condition, demands, Now, observa- 
tion, carried on closely and for a long course of 
years, hag khown that while some animals give tho 
largest amount of flesh for the smallest consumption 
of food substances, and give also this flesh with the 
qualities so much desired in butcher meat, thero 
are certain peculiar characteristics in the physical 
structure of the animal which are more or less, 
and in some cases almost wholly, alrent in other 
animals, 
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6. The Matorials of which Machine Belts are made. 


Ur to within a recent period the materia] exclusively 
used was leather; and it is still considered by the 
great majority of mechanies the host to use, although 
it has uuany rivals now to compete with il, Of those 
now materials, perhaps that which has met with the 
gronatest snecess is that of vuleanized indiarubber, 
But a mueh wider variety of materials have been tried, 
and with varying success, than the two here named, 
Flax, wool and cotton lave been employed, and belts 
of the Tatter substance are now used in the largest 
mills, and of a great width. Paper has even been intro- 
duced as aamaterial for belting ; the best linen rags 
being employed in the preparation of the pulp, Belt- 
ing, morcover, has not been confined to the use of one 
materia) in its manufacture: compound belts have 
been made with diferent and apparently incongruous 
materials, such as leather, and stecl or iron. Tron 
iteelf has even been used, and with apparent suecess, 
Compound belts of toxtile substances, such as cotton, 
flax and wool, with indiarubber, gutta-pereha and 
guins have been also made, and some of those com. 
binations have given good results. What is called 
“Union” belting is a combination of leather and 
cotton, the cotton being connected between and to the 
aurfiaces of two corrospondingly broad strips of leather, 
Tn the ease of lonther belta, the hide or skin is invari- 
nbly tanned --in the best samples onk-bark tanned 
the hides being of the very best quality. But raw 
hides or untanned-—that is, simply air- or sun-dried 
hides or skina- have also heen employed in belting, 
and with decided success when skilfully used, In the 
earlier periads of machine employment, belts were as 
nrule very narrow, varying from narrow strips—to 
which the name of “straps” was more or less correetly 
applied—of an inch or less in width, up to four, five, 
or #ix inches, the last-named width being about the 
maximum, But as machines were applied to a wider 
range of work, which required greater and greater 
power to drive them, the width of belting increased 
in like proportion, And now that power from prime 
inovers is takon olf directly by helta, to the exclusion 
of the older rystem of toothed-w heel gearing, we have 


belts of a width up even to five or six feet and over— 
breadths which mochnanies of the last generation or 
two would not have believed it possible to be made, 
if indeed they would have deemed them at all likely 
ever to be required. This has introduced many new 
features in tho practical art of belt designing and 
making. Many of those have been the subjects 
of patents; and the inexperienced reader would 
ho surprised if he were made acquainted with the 
wide variety of methods introduead, and the large 
industry, employing many hands and requiring 
much capital, whieh the machine belting manu- 
facture jias given rise to, Occasion may be had 
hereafter, in this series or otherwise in the text, 
to notico some of the most suecessful systems of 
producing belts of great width and of corresponding 
thickness, which mny be designated as “ built belts,” 
demanded by the requirements of modern belt gearing. 
Tn a succeeding “ Note” we shall give some results 
of experinents made to define the relative driving 
villus of belts of various materials as compared with 
the best made leather belts, 


7. The New Standard Wire and Metal Gauge—The ‘ Birming- 
ham'’ and the ‘Lancashire’ Wire Gauges — Various 
Technical and Constructive Points connected with the 
Bubject of Practical Interest to the Engineer and 
Machinist. 


Tt may not be known to all our rendera that on 
the first day of March Inst a new wire gauge came 
in foree, to be after that date a Bonrd of Trade or 
legal “standard ” under the Act. The omployment 
of this is so far compulsory that contracts or bargains 
ouly which refer to and use the new gnuge can he 
enforced legally—that is, luw-suits compelling to the 
enforcement of bargains or contracts can only be 
maintained when the now gauge is used by the parties 
contracting. That the old gauges will be used largely, 
just as weights and mensures in grent variety are used 
in markets throughout the country, notwithstanding 
that we have.legal or Act of Parliament “ Imperial” 
standard weights and measures, there is no doubt. 
The Board of Trade, indeed, foreseeing this, ask fox 
the co-operation of the local authorities throughout 
the kingdom to give it every publicity in their re- 
spective districts, so that by “the common adoption 
in manufacture and trade of a uniform gauge, the 
nnnoynance and loss occasioned by the present variety 
of sizes in use, of which complaint has been made, 
may no longer arise.” This getting rid of a number 
of so-called “standards” or gauges, and having but 
one, and that issued by the highest legal authority, an 
Act of Parliament, to which all could refer and which all 
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could use, is the object aimed at by this new standard. 
But although the Board of Trade Standard Gauge for 
Wire and Metals has been arranged by high scientific 
authority, after consultation with the “ various 
institutions, local authorities, manufacturers and 
others practically interested in the use of wire gauges,” 
it would seem by some to be doubted whether after 
all a standard based on a truly scientific or accurate 
principle has been attainod by this new one, Many, 
indeed, join issue with those who support it, and 
believe that, in the words of one authority qualified 
to give an opinion on the subject, the Board of Trade 
have “added to” rather than “diminished” the irregn- 
Jurities attending the whole system of metal gauges. 
How far this allegation is trua remains to be seen ; 
mennwhilo we have to deal with the fact that there is 
now a standard wire and metal gauge to whieh all 
ean refer as one having the legal status which an Act 
of Parliament—permissive in one sonse though it be- 

confers, As to having a standard which would be fol- 
lowed by all, no argument is required to show the great 
advantages of it; the practical difliculty is, however, to 
got universal assent to it. So long aa the matter is left 
open, so long will it be found in practice that while 
some will gladly accept, others will refuse it. While so 
marked is the influence of prejudice or long continued 
usige in all matters of trade or manufactures, that it 
may be looked upon asa settled imatter that a large 
number of those using metals will continue to use 
the old or ordinary gauge, of which that known as 
the “Birmingham Wire Gaugo” is the one which 
has hitherto been almost the only one in use—that. 
known as the “ Lancashire” being, as its name might 
indiente, chiefly used in that county, although oven 
there the Lirmingham has exercised the widest sway. 
We have prepared a table showing the relative 
measurements of the three gauges—the Board of 
Trade Standard, the Birmingham, nnd the Lanca- 
shire. It will he observed that what may be called 
the “legal standard,” the first of those, retains the 
nomenclature, or rather the “numbers,” used in the 
Birmingham Wire Gauge. Those have Leen ko long 
established, and have taken such hold of the mechanical 
mind—or rather, as we should say, the minds of 
mechanics——that it would have been uscless to have 
attempted to substitute new names or “numbers” for 
the different sizes. The subject of metal gauges iy 
one which embraces so many features of technical and 
practical interest, and has engaged the attention of 
so many scientific men, that we shall be well repaid 
by directing attention to them. Although we mado 
the present series of notes much more extensive than 
the scope of this department of our work permits, 
we could not embrace even a brief notice of all 
which has been made known in connection with it. 
We hope, however, to draw together from a wide 


variety of sources a few notes which will be interesting 
as well as of practical servico to our ronders, and 
which under this section will be given from time to 
time, 
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8. Bessemer Steel Castings. 
So very remarkable has been the success of the 
Bessemer process of steel making—such a complete 
revolution has it brought about in certain methods of 


8b TECHNICAL FAOTS AND FIGURES. 


working in the “iron trade "—to use here the generic 
term—end so brilliant has been its commercial success, 
creating fortunes, and making men “rich beyond 
the dreams of avarice”; and so frequently have its 
triumphs been recorded in the pages of the public 
journals, that there must be very few even indirectly 
connected with technical trades and industry who 
havo not some acquaintance with the general features 
of this remarkable process, For those who desire to 
know fully the principle upon which it is bared, and 
tho details of its practice, we name the paper given in 
the text, ‘The Steel Maker,” as ono which will afford 
full information on these points. 

Complete as has been the revolution in certain 
outlets for the use of stecl which the Bessemer 
process has offected, and cnormous as are the bulks 
of this new metal which have been made by it, 
Home of our readers will no doubt be surprised to 
learn that notwithstanding this its user are very 
limited. So limited that it muy almost be said that 
it is only in one department of construction that it 
is used, This is in the making of steel “rnils” as 
substitutes for the wrought iron or malleable iron 
riilx so long used oxclusively, and still largely used, 
by railway engineers, No doubt it is used, and even 
in ono sense very largely, for other departments of 
construction, a8 in ship building, beam and girder 
work, bridge work, ete., ete. But largo relatively as is 
the weight of Bessemer steel made for those purposes, 
so stnaAll is this as compared with tho weight other- 
wise used for rails, that practically many have come to 
look upon “ Bessemer steel” and “ rail steel” ag synony- 
mous terma. So much is this the case that, to quote 
the words of an authority, “there does sometimes 
appear to be a danger of this splondid material being 
neplectod for other purposes, and its use for rails 
becoming its ultimate destiny.” 

As our readers who have a knowledge of the iron 
trade know, cust iron was at ono period exclusively 
used for all kinds of constructive work—framing of 
all kinds, beans and bridge work in all its varieties 
being made only of it. In process of time, as the 
manufacture improved and the attention of engincers 
wis directed to it, wrought or malleablo iron dis- 
playing such marked ndvantages over the older 
material, was gradually substituted for it, till at lost 
enst iron aaa constructive materia], in works of the 
above-named classes, had practically wholly dixap- 
peared. And now a similar process of the displace- 
ment of one materia) by another is going on—has 
for some considerable time been going on—in which 
Bessemer steel is taking the placo of wrought iron, 
Some engineers, indeed, do not ndmit that the metal 
made by the new process is a steel at all, but only a 
very superior form of wrought iron, Even generally 
it is designated as “mild steel,” ag distinguishing it 


from the older, and what may be called the established . 
forms of steel, known as crucible or “cast steel,” to 
which many insist that the name “ steel” has—salong 
with the other form known as “ blistered "alone 
the right to be given. With this merely passing allu- 
sion to a controversy which has long been carried on 
by practical metallurgists, we proceed to remark that 
this substitution of Beasemer or mild steel for wrought 
iron in the numerous classes of construction for 
which the latter was exclusively employed for a long 
period, together with its use for rail making, would 
seem to be the limit which is generally placed upon 
the employment of the new metal. 

In those limited directions the characteristic 
manufacturing feature of the mild steel is that it is 
rolied or forged in the same manner as wrought iron. 
This offers ao marked contrast to the manufacturing 
characteristic of crucible steel, which admits of an 
endless variety of form being given to articles made 
to it, which could not be given to mild steel by 
treating it in the same manner as wrought iron. 
Many of our readers will be aware of the remarkable 
class or classes of work done of late in the casting of 
bodies used in a wido variety of constructive work 
in crucible steel, Siemens’ “ open-hearth” (see “The 
Steel Muker” in text for description of thia), 
Krupp, and other kinds of steel. But although 
work to some extent has been done in the way of 
forming bodies of Bessemer steel by the process of 
“ casting,” and although the work done has been 
eminently satisfactory, still it cannot be said that it 
is a generally nceepted truth, that all the advantages 
obtained by the system of casting—which gave, and 
still gives, the valuo to cast or ordinary pig iron—can 
be obtained in the enso of the Beseamer steel. There 
are some, however, who do believe, as the result of their 
practienl oxperi¢nce with Bessemer mild steel castings, 
that just as cast iron for a wide variety of constructive 
work was displaced by wrought iron—and as this 
lutter material is largely displaced now, and is likely 
still more completely to be 80, by Bessemer mild 
steel manufactured by the process the same in 
principle ag that used for wrought iron, so will 
cast iron as a mnterial for moulding, with all its 
advantages as euch, be displaced by Bessemer mild 
stee] cast or moulded, not wrought or rolled. 

All new methods or systems are met with a variety 
of objections, and difficulties not a few ore either 
experienced or are stated to exist detracting from 
the utility of the new methods. This use of Bessemer 
mild steel as a casting material is no exception to 
this general rule. Brought to the front only recently, 
it has already clustered round it a number of opinions 
and conjectures which give a high degrec of practical 
interest to the question. The fact that very great 
advantages would result from a system of forming 
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the various objecte used in construction, and now 
made of wrought iron, by the process of casting, 
as carried out in the case of pig or cast iron, no 
one disputes, The point disputed is that objecta 
so cast are either positively or likely to be un- 
sound, and therefore not to be trusted in construction 
where absolute soundness is essential. And this dif- 
ficulty is based on the fact, which is also disputed 
by no one, that Bessemer mild steel as ordinarily 
manufactured is so far from being a homogencous 
metal—that is, of equal character throughout its 
mass—that the opposite charactor, or that of a 
“honeycombed ” body, is the feature of the metal, 
On all sides the existence of “blow-holes” in 
Bessemer mild steel is recognized as its character- 
istic, and is of course deplored by all. That this 
great evil cnn be got rid of is asserted by some, nnd 
by others it is maintained that by careful manu- 
facture it cun be altogether prevented. On thoso 
two points much information of a very interesting 
because thoroughly practical character, affecting 
closely the future of Besxemer mild stecl as a con- 
structive material, applicable to a wider variety of 
purposes than it has hitherto been applied to, has 
recently been made public, To a bricf resumé of this 
we intend to devote » few notes in succceding 
Supplementary Sections of the Tecunicay JOURNAL 


9, Utilization of Waste Soap. 


In the woollen industries o large amount of soap 
is used for washing and milling. The goods are 
repeatedly run through 4 strong solution of soap, and 
pressed between rollers after each emersion, After 
n timo the soapsuds become dirty and unfit for 
further use, and aro run off as waste. During the 
process the soap removes the grease and other dirt 
adhering to the fibre; but the fat—de. the most 
valuable part of the soup—is in no way altered, and 
if collectod ond proporly washed would be fit for 
manufacturing into soap once more. The recovery of 
this fat is a problem of no smnll financial importance 
to firms which use hundreds of pounds’ worth of soap 
every month, The following method is adopted in 
many places in this country and the Continent. Tho 
waste wash-water is run into largo tanks, and either 
vitriol (sulphuric acid), or in place of this spirit of 
salt or muriatic avid (hydrochloric acid) is added, 
with stirring, until the liquid turns blue litmus 
distinctly red. The acid combines with the alkali of 
the soap and precipitates the fat, which being lighter 
than water, on standing several hours, completely 
rises to the surface, bringing with it other impurities, 
short fibres, etc., and the heavy mechanical impurities, 
sand, ctc., sink to the bottom. The aqueous layer is 
run off, and the impure semi-fluid fat remaining in the 


tank is pumped into press filters, and the water yet 
retained in admixture with it is pressed out. The 
residuum is now transferred into canvas sacks and 
placed in hot presses, an oily liquid of fatty acids is 
pressed out, the impurities remaining in tho sacks. 
The fatty acids thus obtained are run into the soap 
chaldrons for conversion into sonp, This is effected 
by the simple addition of carbonate of soda, with heat 
and agitation, until neutral. The masa is kept boiling 
during the union of the alkali and fatty acid, in order 
to facilitate combination and to effeet the esxenpe of 
the carbonic acid which is evolved, A good soap of 
a brown colour is obtained, fitted agnin for use by 
the wool-scourer. A pure white soap may be obtained 
from tho fatty acids if they are first distilled with 
steam, which yields pure white fatty acide, Tho resi- 
duum left in the sacks in tho filter process may bo 
used 14 manure, ax it contains a considerable propor- 
tion of nitrogen (seo the Prize Scheme of the Tecu- 
NICAL JouRNAL for a prize offored in) connection 
with the general subject of the Utilization of Waste 
Products). 


10. Data useful in Mechanica) Calculations and making ont 
Estimates for Work. 

The weight in pottnds of different metals used in 
construction per “square foot” of varving thicknesses, 
stated in sixteenths of an dinch, beginning with 1 and 
rising by 2.0 Cast drony yeast Ub, = 7:08, 
vig = UVTI, yy = LOMO, yh LEON, Pe 257, 
88046, Sg ee sold lb, The Glee Inter: 
medinto, giving the cighths of an inch, may be found 
by multiplying the weight of the 16th by 2: thus the 
Koven-Gighths will be fourteen times this. T ii weiplits 
due to the thicknesses stated in the order above of the 
other ne are as follows, beginning ey Wrought 
Tron: 252, 7:57, 12:08, 10:40, 21-09, 25°73, 30°46, 
35°75, “Steel 2:5, 7:65, 12-76, 17°86, 00: 06, 28°07, 
83:17, 3828. Stra: 2°75, 820, 18:07, 19:14, 44°69, 
80:07, 35°54, 41-01, Coppers 289, 867, 14:45, 
90°23, 26-01, 3179, 3757, 4335, 


11, Rule to ascertain the Weight per Square Foot of Cast 
Iron Plates of given Thicknesses. 

Take the thickness in inches or in decimal parts of an 
inch, and multiply 144 by it, divide the product by the 
constunt 3°84: the result is the weight required, To 
facilitate calculations of this kind, as well as those 
connected with the cubical contents of metal and other 
bodies, the decimal equivalents of fractions of feet and 
inches are exceedingly useful, For those, and method 
of using them, sce a Noto in next number of the 
TecnnicaL Jovrnay, entitled—No, 14, “ Calculating 
surfaces and contents of pieces of metal or wood when 
fractions are given in the dimensions.” 
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12. On Boro.Glyceride as a Food Proserver. 


This newly discovered, or hitherto unnoticed, com- 
pound has been applied by Professor Barff to the 
preservation of food-materials, Jt is formed when 92 
grammes of glycerine nre heated with 62 grammes of 
horacic acid, water being at the same time formed. 
Chemically, it ix represented by the formula C,1T;BO,, 
When pure and free from water, it is a hard, brittle 
substance, resembling ico in appearance. Jt dissolves 
rendily in warm wutor, forming o strongly antiseptic 
liquid, which haa little or no taste, and is probably 
perfectly innocuous to the human system, although 
recent authorities on the subject have not yet come 
to a unanimous decision on this all-important point, 
considered in relation to the preservation of food 
for human beings, Animal and vogetable substances 
when treated with this compound will keep per- 
feetly fresh and uninjured for a long time—in some 
eases for months: which without the application of 
the substianea would “go bad” or putrefy in a 
fow days,  Boracie acid has long been known as 
an antireptie, and has for many years been applied 
to the preservation of foods, but only in’ a very 
limited number of casea such as milk, ete., though 
its combination with glycarine renders it suitable for 
wlmost every kind of food and drink, Animal food, 
bacf, fowl, fish, @'¢, are either steeped Ina solution 
of the componnd, or the solution is injected into the 
urlor ios, 


18. Manufacture of White Lead, 


Whito lend is one of the most. important pigments 
used in painting + 1b forms not only the best of 
white piginents, but the “body” of nearly all others, 
It ix no pigment of pure white colour, possessing 
great density and opacity —which latter qualities 
constitute the important character of “ covering ” 
power, or the capability of being spread over a largo 
surface when used as a paint alone or in conjunction 
with other colouring subsinnees, Jt is composed of 
carbonate of lead, together with a little hydrate of 
the samo metal. Like other lead salts, it is) very 
poisonous, and this is the great objection to its 
extensive use asa paint; but notwithstanding many 
attempts—not wholly unsuecessful—it has never yet 
heen superseded for many purposes hy other white 
pigments, It has a “body” or solidity and pure 
Whiteness not possessed in the same degree by as 
cheap a mnterial, Tho bulk of the white lead 
manufactured in this country, America and the Con- 
tinent is produced by the old fermentation method, 
dopending upon the principle that common lead, 
When exposed to the air and moisture, slowly be 
comes coated with a white layer consisting of 
carbonate and hydrate of lead. This is chiefly due 
to the presence of carbonic acid in the air. It is 


greatly facilitated by the presence of acetic acid 
vapours, The commercial process for the manufar- 
ture is an application of these facts, A series of brick 
chambers called “stacks” are built, generally having 
an area of about 25 by 14 feet. Each chamber is 
provided with an opening in front for filling the 
stack; and # similar one at the back-end for emptying 
when the time arrives, The floor of the stack is 
covered with a layer of porous ashes. On the top of 
this is Inid a bed of spent tan, partially putrefied or 
decomposed by previous exposure in heaps to the 
action of air and moisture. On this Inyor of tan are 
laid blocks of birch wood about 16” diameter, to sup- 
port rows of earthen pots which nre placed between the 
blocks, resting on the tan. Tho pots are placed close 
together, over tho entiro layer, except a space of about 
6” nlong the sides. The pots are filled with dilute 
neotie acid, or weak vinegar, containing 2 to 2 of 1 
per cent, of pure neetic acid, CyH,O, On the top 
sides or edges of these pots, supported on boards of 
wood, are placed sheets of lead, to the depth of abont 
5 or 6 inches; 6 or 8 inches above this is constructed 
a wooden shelf, upon which is laid another layer of 
tan and rows of pots containing dilute vinegar exnetly 
like the holtom one, except that the Iayers of tan 
may be of diminishing depth ns they approach the 
top. Ten to fifteen such layers nre made, and the 
topmost Iayer is covered with a layer of bark, a few 
fect from the roof of the building, The xpnace of 
about six inches around the walls is generally filled 
with clonn straw. ‘The whole being now completed, 
the stack holes are closed, the building being en- 
tively closed in, and fermentation of the tan allowed 
to go on, by which a large nmount of carbonic acid is 
ronerted, and the tempernture is considerably raised, 
renching from 120° to 140° Fahr., which hastens the 
conversion of the load into white lead by evaporating 
the acetic acid from the weak vinegar contained in the 
pots. Sometimes the walls are provided with one or two 
vontilators, which may be entirely closed when desired, 
for the oxcape of steam and condensed water, which is 
given off during the fermentation. It is important, 
in the making of white lead according to this method, 
to guard against discoloration by the condensed water 
charged with brown matters derived from the tan 
falling into the white, and for this reason in large 
stacks it is necessary to have ample ventilation for 
esenpe of steam, 

After several weeks’ action, the sheets of metallia 
lead are found to have grently increased in weight 
and bulk, and to be converted into white masses of 
carbonate and hydrate of lead, but still retaining the 
shape of sheets, These are removed, layer after Inver, 
into tanks of water, where the corrosion or conting 
of white lead is scraped off and collected in tanks 
of fresh water, thoroughly washed, allowed to settle, 
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the water drawn off and the white powder collected, 
ground in mills to fine powder, dried, and is ready for 
the market, Jn the centre of the layers of lead cakes 
of lead yet unacted upon are found. Theso are used 
up in the next charge of the stack, 

The amount of lead which is actuolly converted 
completely into white does not exceed 60 to 70 per 
cent, of the lead employed, and the increase in weight 
consequent on the conversion into carbonate of lead 
amounts to about 20 per cent. A stuck covering an 
area of 20 feet by 12 fect, and holding 13 layers of 
lead, is said to require from 40 to 45 tons of lead; 
each layer takes about a thousand pots, 54 inches 
in dinmeter, holding 200 gallons dilute vinegar. The 
lend employed in making white lead must be free from 
impurities, especially copper and antimony, as the 
prerence of these metals impuirs the whiteness of the 
white lead obtuined. 

Several other methods than the above are in uso at 
the present time for the manufucture of this uxcful 
pigment, but that just deseribed ix the more exten- 
sively employed one, The only other method that 
demands notice here is the Milner process, which is 
now successfully curried on in thig country, and will 
probably ultimately entirely supersede the fermenta- 
tion process; depending os it dues on a more exact 
uction, occupying two duys instead of several wecks, 
ag in the old process, and requiring but very simple 
plant. The process depends upon the formation of 
an oxychloride of lead, which takes placo when certain 
proportions of litharge (4.¢., protoxide of lead), common 
salt and water are ground together. Tho muss is 
gradually converted into a soft white pulp, with 
elevation of temperature and formation of an alkali 
In practico 4 mixture in the proportion of 4 lb. dry 
flake litharge, previously carefully ground and levi- 
gated, 1 lb, common galt dissolved in 16 Ib. ofwater, is 
placed in a wooden pug-mill, made of pine or elm, but 
not of ouk. The mixture is continuously agitated in 
this mill for three hours; the mass gradually thickens 
till the consistence of thick paste is attuined; it 
then begins to become thinner, indicating completion 
of the action, By this means there is obtained an 
insoluble basic chloride of lead, suspended in a solution 
of sodium chloride (or common salt) and cuustic soda. 
This is run into an iron cylinder lined with sheet lead, 
16 ft. in height and 8 ft. in diameter, provided with 
wooden agitators or paddles, moving on a horizontal 
axis, arranged so that the arms move alternately 
above and below the surface of the liquid. Tho agi- 
tators are now set in motion, and a streain of carbonic 
acid gas introduced into the pasty mass from a pipe 
passing through the bottom side, and continued until 
the liquid ceases to be of alkaline reaction; the stream of 
gas is then continued a little longer, and then stopped. 
The point at which to arrest the stream of carbonic 


acid ia one of great importance, as if continued tov 
long a product is obtained containing too much car- 
bonic acid and deficient in covering power. The right 
point being reached, the current of gas is stopped and 
the mass is run into tanks of water and allowed to 
settle; tho water is run off and the white powder is 
collected on filters, ground, dried, and is ready for 
market. Tho carbonic acid gas used in the process 

may be generated from chalk and coko heated in a 

kiln and washed by passage through water. The pro- 

duct obtained is equal in quality to that obtainable 
by the fermentation method, and possesses in fuct the 
same chemical composition. 

14, Value of Rain Wator for Domestic Purposes— Caloula- 
tions connected with the Sources of Supply, as Root 
Surfaces, etc.— Storage Cisterns and Tanks. 

That tho collecting and storing up, or as the gene- 
rally used phrase is, the “suing” of water arising 
directly from the rainfall could be carried out at com- 
paratively little cost, and with very marked beneficial 
results in more ways than one, is obvious enough, on 
even a brief considerntion of all the frets of the case. 
That the amount of water which can be collected 
directly from the rainfall exceeds the wants of rural 
populations, including the supplies required by the 
furm buildings of every district, is established beyond 
au doubt, And one feature too often Jost sight of, and 
which gives a practical value to all schemes of saving, 
is, that the supply may be looked upon as constant ; 
and this from the fuet that, the rainfall being dis. 
tributed over the whole of the year, the water taken 
from any collecting placo is being constantly re- 
plenished—the excess of demand on the store of water 
at one time being thus mot by the excess of supply 
at another; the uveruge of the year being, as above 
atuted, far in excess of the wants of the population. 

And it certainly is a curious and # fortunate coin- 
cidence—-and which indeed, from long continued obser- 
vation and extended experience, may be said tu be 
rule—thut the roof surface of a house affords guther- 
ing or collecting space for a supply of ruin water 
which if stored up will be, if not in excess of the 
requirements of the family residing in the houe, 
gutficient to meet their wants. The sume remurk 
holds good as regurds farina buildings where stock is 
kept. 

It is right to state that certuin opinions havo been 
stated, and as we think, unfortunately too dugmaticully 
stated, as to ruin water, These tend to convey a con- 
viction to the minds of many not conversant with 
the details of the subject, that rain water is Impure, 
Not in itself so, for it is impossible to contradict 
the fact thut naturally it is the purest water which 
can possibly be obtained from any source; but that 
impurities are derived from the atmosphere through 
which, and from the gurfuces upon which it descends, 
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as those of roofs, etc,, no one would deny. Now, 
as regards the atmosphere, whatever may be said 
against that which floats above manufacturing towns, 
nothing with any fair reason can be brought forward 
against that in the country. Oddly enough, those 
who have preferred this charge against rain water 
are the sume persons who uphold the country atmos. 
phere ns the healthiest. Now, both views cunnot be 
right: if country atinosphere bo a soureo of impurity 
for rain water, it ought—one would think—tLy parity 
of reasoning to be one also so far as health is con- 
cerned, And as regards the contaminating influence 
of the surfaces on Which it falls, the only contamination 
at all probable in the country is that arising from 
lonknge, and the droppings of birds, And this is so 
trifling in amount os to bo seareely worthy of being 
reckoned. But on the whole subject experience has 
been such as to cnusxe what may be culled a universal 
consensus of opinion in favour of rain water for 
domestic and by consequence for farm live stock pur- 
poses. ‘The population of whole districts use nothing 
but rain water, and for tho suflicient reason, if none 
else existed, that no other ean be obtained, at least not 
without involving great expense, And even in the 
manufacturing distriets, whore the atmosphere ennnot 
bo said to be pure according to the popular standard 
of purity, it ix well known how largely rein water is 
used. Fvon when impurities such as those which have 
been atated do exist, thoy can be removed by even the 
simplost and cheapest methods of filtration, 

In all dixeussions on the water supply question, 
the amount per head per day stated to be absolutely 
required is in reality far in oxcoss of that which is so. 
This amount, twenty-two gallons, 13° to cover waste 
arising from Jenkage and other sources so generally 
inet with in towns, and the worst of all wastes, the 
wanton waste so prevalont in houses. But when 
water is carefully usod—and when want is found to 
be the concomitant of waste, careful use is gradually 
taught—-a very much less quantity is required. 
Three gallons is on amplo allowance, taking old 
and young together; and one haa only carefully to 
consider what he does use or is used— that is, what he 
absolutely and only requives---fer him to discover that 
less than this quantity will really be ample, 

Taking, then, this lesser quantity at two and a-half 
gallons per day, this will be supplied from 500 square 
feet of surface, and this superficios will be given by a 
cottage of the averago size, including its outbuildings, 
As the roof surface is the actual collecting area, this 
varies with the style and tho disposition of the roof ; 
but it is a very small cottage which will have only 
500 feet of roof surface. Again, the supply per head 
depends upon the number of inhabitants, and we 
incline to think that five is nearer the average than six, 
If so, and taking, with on average annuel rainfall of 
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twenty-two inches, the water stored from 500 square 
feet of slate roofage at 5700 gallons, the daily average 
supply will bo, say fifteen gallons, which divided by 
five givos three gallons per head perday, Thatched or 
straw-coverod roofs not being adapted for rain water 
collecting, for many and obvions reasons, are not to 
bo considered as watershed surfaces for practical use ; 
although even the rain water from them should not 
be wasted, but stored up, if for no other purpose than 
for privies and clothes (at least rough clothing) wash- 
ing, for which it will, even without filtration, bo much 
better than tho average quality of water obtained 
from springs and wells, Mr, Wheeler, C.E., who has 
had large experience in the water supply of rural 
districts (his paper before the “Water Congress,” 
so to call it, held by tha Society of Arta in its Journal 
number for August 8th, 1879, will well repny perusal), 
recommends as the result of his experience that the 
storage tank should bo sufficiently Jarge to contain a 
supply for 78 days. To ensure this, for every square 
foot of roof surface the tank should have a cnpacity 
of 24 gallons. Thus, a tank for a cottage with 500 
aquare feot of roofnge should be 6 feet deep, and 6’ 6” in 
diumeter; this will hold 1200 gallons up to the level, 
below tho springing of the arched top. If constructed 
of brick and mortar, in form a cirele in horizontal 
section, the cost will be somewhere about one penny 
per gallon, Tho larger the tank the less its cost per 
gallon ; hence the value of the system of making one 
lnrge tank to supply several cottages. As o material 
not only cheaper than brickwork, but in every other 
respect superior, there is none which can hold its own 
nynainst Portlund cement conerete. A tank of this 
material ean be constructed much more quickly than 
one of brickwork, even by any common labourer or 
unskilled workman, and when set it may be looked 
upon as equal toa tank cut out of a singlo solid stone. 
(See Noto No. 3 in p. 41 (Part I.) on this material.) 


15. Data for Estimating the Feeding Value of Farm Grasses 
for Live Stock. 


(Ool,1, Flesh Furmera: 2, Heat or Fat Producers; 8, Water; 
4, Woody Fibre; 5, Ash.) 


Table showing Food-value of Grasses and Hay, 
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GRABSES, No.1, | No, 2. | No.8. | No. 4. | No & 
Rye prass . ; «| B87 | 1208 | 7148 | 1006 | 215 
Italian rye grass ©} 2058 | 1471 | 7561] 4:82 | 2°21 
Lucerne. ‘ o| $40 | 1977 | 78°41 eee 8°08 
Bainfoin . ‘ o} S3L | 1743 | 7782 as 1:78 
Vetch ; ‘ » | 856 | 12°74 | 82°16 is 1°54 
CLOVERS, 
Red clover . »| 360 | 18:78 | 80-64 sie 1:97 
White do, . 3 o | 4°52 | 10°26 | 88°65 ove 1:57 
Yellow do, * ry 4°48 15°94 TTh7 rYY} 2°00 
Alsike do, e «| 482 |] 1644 | 7667]... 2°06 
Hay. 
Meadow grass hay. | 10°69 | 40°17 | 16.04 | 27°16 | B04 
Aiciaath or second | 10°75 | 49°74 | 18°05 | 1902 | 7946 
cropofda . ’ 
Clover hay » «| 3852 | 6443 | 1684]... 5'b1 
t { ' 
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INDUSTRIAL SCIENCE FOR HOME STUDY. 
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(8) “Steam raising” for motive-power purposes 
constitutes ono of the most important of tho many 
important departments of mechanical engincering, 
The work to bo done is of a dual character—the 
combustion of coal and the quick evaporation of 
water, cach process carried on in its special appliance; 
in the one case the furnace, in the other the boiler. 
Shortly defined, the raising of steam in boiler practice 
may be snid to be the “bviling of water.” Simple 
as this process is—and what every one assumes to 
understand—it is one nevertheless surrounded with 
points of groat scientific interest; but, so far from 
being a simple subject, the very definition of what 
“boiling of water” is has not yet been arrived at in 
a way which every one consents to ag accurate, And 
of necessity mixed up with it is tho process of “fuel 
combustion,” whether that be solid or gusoous, solid 
fuel or coal being almost universally, gaseous only 
exceptionally, usod. We here introduce two subjects 
of the greatest possible practical interest to all classes 
engaged in industrial processes—for all, or nearly all, 
demand “steam power” for their work, On both 
of these subjocts we shall have a few paragraphs to 


give. 


(4) In another part of our work tho reader will 
find a paper or two on the use of “ Portland cement 
concrete.” This material is now applied to such a 
wide variety of useful and important purposes that 
all points connected with its practical use are inter- 
cating toa wide circle of industrial workers. Largely 
ag it is used, we have much yet to learn respecting it, 
its action or behaviour under certain conditions and 
circumstances; and every now and then something 
suggestive is cropping up concerning it. It is only 
recently, for example, that it was discovered that the 
admixture of “sugar” had a, romarkable effect on the 
qualities of the concrete. In looking about for a 
useful addition to such a rough, bulky body as 
concrete is—or “confection,” og the French might 
call it—one would supposo that a condiment, and 
that sugar, would have been amongst tho last of 
substances thought of as likely to bo of use. But the 
point opens up some suggestions of such great scientific 
and practical interest that we may havo something 
further to say about it in a future paragraph, Mean- 
while it may to the young reader be suggestive of somo 
general considerations as to what strange directions 
science and practice may take, 


(5) In paragraph No, 3 we oponed up the subject 
of stonm raising, which we explained as a dual opera- 
tion or procoss—tho “ boiling of water” to secure its 
“quick ovaporntion,” and this effected by the agency 
of heat, evolved by the “combustion of fuel” ocither 
in the solid or gaseous condition, And wo remarked 
that these oporations carried with them points of the 
greatest importance to a large numbor of industrial 
works and procoxses. Glancing first at the operation 
of “boiling,” whethor of simplo water in the caso 
of steam raising for motive-power purposes, or of 
wator mixed with various substances, as in brewing, 
distilling, dyeing, and tho like, simple as the opera- 
tion appears to be, the young reader may Le surprised 
to learn that scientific men have been so far from 
ugrecinent as to what boiling is, that they have not 
formulated a definition which is accepted by all as 
correct. And important ag its applications are, and 
dominating as they do such a wide variety of indus- 
trial work, tho subjoct haa scarcely received in times 
past that amount of attention from sciontific and 
practical men which this importance would soom to 
demand. But this reproach is now being removed, 
and recent researches havo resulted in a new view 
being taken, which sooma destined to completely 
revolutionise the practice of boiling—modifying, or 
rather changing, previous conceptions as to what tho 
operation was. (a) Evaporation, or the production 
of vapour from water, is going on at all tomporaturos, 
although that vapour is only visible at cortain high, 
or comparatively high, tomperatures. Even in wintor 
water will evaporate or dry up from pools on the 
road. This evaporation incroases in rapidity, and 
the volumo of vapour resulting becomes greater as 
the temperature increasos; and when that temporn- 
ture reaches a certain indicated point the vapour 
passes off freely, being as it were projected from the 
water, which becomes more or less violently agitated 
—a condition to which the name of obullition is given, 
This temperature is, under ordinary circumstancos, 
and at or about the sen level, 212° in the Fuhrenheit 
scale of the thermometer, which ia therefore called tho 
“boiling point.” (J) This particular temperature of 212° 
ia that duc to tho pressure of the atmosphere at sew 
level, as indicated by a certain height of the mercury 
in the barometer. But if wo reduce that pressuro—as 
by ascending a mountain—wo lower the point in the 
thetmometric scale at which water boils, and that in 
proportion to the lowering of the barometric scale 
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-—-that is, the reduction of pressure. (c) Conversely, 
if wo increase the pressure of the nir, or of its own 
ejected vapour, on the surface of the heated wator, 
we increase the temperature at which the water boils, 
and by consequence that also of tho vapour, or steam 
——as Water vapour created under pressure is called— 
which is passed off, And this increase of temporature 
and inercase of what is culled the “boiling point” 
in the thcermometric scale is in proportion to the 
increase of the pressure acting on the water being 
evaporated ; we thus see that the term “ boiling point” 
of water is one purely relative, not absolute, as many 
seem to think it is. (d@) Expressed in proviso scientific 
torms, the boiling point uf water—or of any liquid— 
is “the temporature at which a saturated vapour is 
subjected to a prossure equal to that to which what 
ix culled tho free surface of the liquid is subjectod.” 
Tn other words, a boiling water is a “ supersaturated 
solution of its own vapour.” By supersaturated is 
meant that condition in which no moro vapour can 
be tuken up—just as a salt solution, for oxumplo, is 
said to bo supersaturated when the liquid will dissolve 
or tuke up no more of the sult. What is meant by 
the term “freo surface,” in the definition named 
bove, wo shall see when wo como to explain how 
oflicient economical boiling and quick ovaporution 
can bo facilitated by certain anodes of working, the 
attainment of theso two objects here numod being 
what tho ongincer aims at in the steam engine boiler 
working, and indeed in evory industrial process in 
which boiling is the main feature. (¢) We have now 
arrived at that point at which wo have to inquire 
how this vapour, tho result of the operation of boiling 
waiter, becomes a source of nechanical force or powor, 
hy the use of which work of various kinds is dono; 
in other words, how heat, the product of the com- 
bustion of the fuel, iz converted into force by builing 
water, From this we porceive that, as first demon- 
rxtrated by Joule, tho eminent Manchester seicntist, 
“heat” and “mechanical foreco or power” ure con- 
vertiblo terme; that ix, a given amount of heat is 
the representative, so to say, of a given amount of 
force, or is the measure of it; so that, if we know 
what heat we have at disposal, we can calculate how 
much force or power capable of doing work we have 
at command, And, conversely, mechanical forco is the 
ropresentative of a cortain amount of heat; so that, 
if wo know the force or power we have capablo of 
doing work, we can tell how much heat it took to 
produce it. (7) But before being able to make these 
conversions or calculations we cannot deal with abstract 
statements; we must have something definite to work 
with, This is furnished us in what are called “ units,” 
the unita of heat and of mechanical work, A “ unit 
of heat” is that amount or quantity of it whieh will 


raise one pound weight of wuter one degree in tem- 
perature, <A “unit of mechanical force” is the power 
or weight which will raise one pound weight a vertical 
height of one foot in the space of one minute. Work 
done, or mechanical force expended, is thus expressed 
in what are called “ foot-pounds” of energy or force. 
A “unit of heat” was found by Joule to be equivalent 
to or convertible into 744 units of mechanical force, 
hence called “ Joule’s equivalent”; that is, the force 
which we may say to be prosent in the unit of heat, 
or the heat required to raise a pound of water one 
degree in temperature, is equal to the raising of 
744 lb. one foot high per minute. It will bo observed 
that water is the body selected to represent tho unit 
of heat, This has not been done from obvious con- 
veniences which this body presents for use in various 
ways, although this consideration was not lost sight 
of; but because, of all bodies, with tho excoption of 
hydrogen gus, water possesses the greatest “ capacity 
for heat,” known as the “ specific heat.” Tence water 
is selected as the “stundard” by which the specific 
heat of all bodies is measured, or with which it is 
compared water being put down as 1000. Now, it 
ig water which is used for steam-raising purposes, 
and tho heat is obtained in this country almost 
universally by the combustion of coal, wator being 
placed in a closed vessel termed a boiler, which, in 
relation to the steam engine, is what the lungs are 
to the human body, supplying it with air for breuth- 
ing. If, then, by the burning or combustion of fuel— 
coul geuerally-—we get heat to ruiso the temperature 
of the water, and that produces its boiling, and that 
again vapour, which, as steam is used to work the 
ongino by its inherent force, to which the name of 
pressuro ig given, it follows that the operation of 
boiling is itself the exhibition of force, as the vapour 
is the ultimate stage of the production of heat by the 
combustion of the fuel, and tho heat represents, or 
is convertible into, s0 much mechanical force. We 
shall soo in a succeeding paragraph in this section 
how this force is creatod and excited in the act of 
boiling of water—from which may be deduced another 
theory of boiling, or what, if taken in conjunction 
with tho theory wo have already named under (d), 
will give the reader a clear conception of what boiling 
is, und how it leads to views and notions which, by 
quite revolutionising old conceptions and views held 
for long about it, opon up the prospect of great 
advances being made in our furnaces for the coms 
bustion of fuel and in our boilers for the raising of 
steam. From this the young student in industrial 
science will porceive that much interesting and 
practically valuable matter for his consideration 
lies before him in succeeding paragraphs under this; 
head, 
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Practical Folly in Nationally Overlooking the foregoing 
Causes of Losses in Technical and Industrial Work. 
THOSE cases wo have cited could be paralleled by others 
drawn from a very wide variety of technical and industria! 
trades and callings; so that {f wo add the results together, 
an wyrregate ja obtained which earrics with it matter of the 
gravest, Importance to our national trade interests. The 
inference, and the only one open to be drawn from all] this, 
is one which concerns every class, and no class more closely 
than that wide and imporlant one for the members of which 
this Work is prepared, and for whom these lines are more expes 
cially written. We pride ourselves upon being a thoroughly 
practical people, aud in most things we are so, or we should 
not occupy the high position in technical and industrial trades 
and callings we do. But in not a fow things we lose sight of 
the practical clement altogether, and beeome neither more 
nor less than mere dreamers, Ts it not so in this particular 
case of the injury done to our interests as producers for the 
markets of the world by the two causes we have been now 
dwelling on—namely, the cheapening system, and the de- 
ceiving system of doing work? You can speak to no one of 
long standing but who at once admits and deplores that those 
two causes have done and are daily doing infinite mischief ; 
that they act in themselves as not inerely encouragers of the 
competition we have daily to face, but as the creators of new 
kinds of competition, and in new districta which would other- 
wise not exist, or but in an ineffective way, Yet, notwith- 
standing this frank admission, this deploring of effects, it 
peems as if the subject were one to be hushed up somehow, 
and as seldom aa possible alluded to. No doubt it is # state 
of matters of which we have so much reason to be ashamed 
that our desire to hush it up and say nothing about it--at 
least publicly-—can ba in some way explained, We all admit 
it to bo an “ugly thing, But the results of it are ugtiier 
still, so far as our industrial interests are concerned, This 
mode of dealing with the subject is after all somewhat silly. 
It reminds onc of the ostrich’s way of getting rid of his 
encemy—hiding his head in a bush, and thinking that his 
exposed body is therefure safe from attack, But if forcign 
competition be the scrious thing we say it is, surely any 
cause which promotes it or creates it must be no Icas 
scrious, If doing bad work hag done us so much evil in 
making competition s wide and effective, would it not be 
worth while—something truly practical—to try to do away 
with it? 1f good work made our trade originally, and if 
we have lost much of it through doing bad work, coud 
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were ak oe ering othe dingo gu 
all oventa in tho discussi je il ce ies a 
inant : ‘tissions of the future on technieal and 
iatrial matters thoso two causes must be faced, whether 
we will or no. We cannot get id of thom if we would 
and if we were wise in our own intere eee 
id cae oe aera Wh intercata wa would not if we 
: : 4 that we do not face them now fy 
caused by our being ashamed of them, ia not our duty here 
to inquire, But it is our duty, in tracing out all the pointe 
connected with technical and industrial work, to dealare 
clearly and honestly that. those two cnuses are as important in 
their issues and influcnees ag any other two whieh may be 
name. And in taking this position—unpopwar thorghr it 
ba with many—we know that it ik held by not a fow, and 
those of the highest standing, who look far beyond the merely 
popular aspects of the question, and see cloarly how the future 
Will and must of necessity be greatly and gravely influenced 
by the Way we deal or do not deal with all the ditienttiies 
whieh surround the question, And of (heae, the two we haya 
named they look upon as not the least potent, In support 
of these views we could cite numerous opinions of the hischost. 
authoritics practically conecrned in the carrying out of our 
nost Important works, Rut this we do not deem NECossry j 
it will Le aufliciont for our purposes, and will convey matter 
Ruestive of the gravest considemion di connection with 
what we have given in this and the last few paragraphs, if we 
quote here the words of one whe uses machinery and employs 
men on the largest senile, And these words are all the more 
Pregnant with meaning when it is considered that they 
formed part of a speech addressed to the Tnstitution of 
Mechanical Knyineers, at the time we were sending Chis) paper 
to presa, The following are the grive words. The was 
sorry to say that he had heard the Kaglish name disgraced on 
the Continent owing: to tha bad work sent from this country, 
He suid, let them po back to the old Nnglish way, und do 
everything better than every other nation” We have shown 
that we can do it if we will, The point cannot be too fro 
quently and too strongly fnsisted upon, that the peculiarities 
of the position of technica! and industrial work in this country 
in relation to foreign competition, and as a consequence the 
peculiarities of the position of technical education, are net 
brought into existence by ong cause only. We bave seen that 
there are many causes at work, and that these murt be 
reckoned with—taken into account--and their influences aa 
closely watched as we can watch them ; and that wo must use 
them for the furtherance of the trug interesty of the arta end 
sciences and the industrial and technical work upon which 
gO much of the prosperity of our country depends, 


Condition of the Question of Technical Education in the Conti- 
nental Countries; the Work of which constitutes the 
Grave and Serious Competition which we have as a Nation 
to contend with— Importance in this Connection of a Brief 
Inquiry into the State of Continental Technica) Education. 


The allusion just made to the technical authoritics of the 
Continent has a distinctly special value In the present cone 
nection. While fully aware of the value of the work done in 
technical education in this country, and of the high rank which 
our technical authorities take in the world of seiene> and prace 
tice, we must not conceal from those of our renders who may 
not be aware of the fact that a systematic technical or trade 
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_Instruction is in this country a thing, 80 to say, of yesterday, 
It is but a few years back when it could be said that its 
‘mportance to us as a people was practically unknown to us, 
lew only being alive to it, 1t has, therefore, only been very 
recently that the subject has been taken out of what was 
literally the region of theory—a thing cunsidered by a few 
advanced thinkers to be good, and therefore talked about as 
& probable work of the future, Tn the carly part of this 
Ikeview we have had to make allusions to certain facts and 
circumstances connected with the history of trade work and 
industrial processes of this country, In these named, and in 
others whieh they will naturally suggest, will be found the 
reason why, of late years, the subject of Technical Instruction 
has been advanced to the position of one of those influences 
than which none can be reckoned as superior in potency as a 
means of raising the standard of attalument amongst our work- 
mens and in ko ralgiug it, by consequence inercasing the 
value of their work, and giving us the bost menus of retaining 
that supremacy as workers for the world which we have seen 
belonged to us in former years, and that without almost a 
kingle competitor to enter the field of production against us, 
We are, therefore, now at last nationally convineed that 
Technical Education is a matter of pressing and Immediate 
necessity, 

But systematic Jechnical Hducation of those who are de- 
syed to be the Industrial workers of the future, and of those 
who are already fully engaged in the actual daily work of 
production of the varied, almost endless objects of our arts 
and manufactures, is a work yet to be done, in a complete and 
cymprehensive way. And while we have only, and that very 
recently, awakened to asensc of its national importance, a very 
different state of matters has existed in connection with it on 
the Continent. 

But in approaching this subjeet—which, for obvious reasons, 
can only be glanced at in its lending features—let us ends 
your to stale the cusy fairly ag contrasting the position of 
Technicn! Eduention on the Continent with that which it 
ovcupics in this country, For so much hag been said as to 
what haa been done and is still being done abroad in the 
catablishment of a syatem of advanced, that is sclentifie eduen- 
tion, in its application to the arts and industries, that to a 
large extent the publie mind in this country ds impressed 
with the iden that this education, if it has not been and is 
not now availed of by the working classes generally on the 

Yontinent, is su to a large extent, The truth, however, is— 
and it is distinctly emphasized by the Technical Conmis- 
sionars Jn their Report—that. this idea of the general, or even 
extensive application of a system of Technical Education to 
those engaged in actual industrial work, is erroncous. So far 
ag our own experience goes, it scems that while the system of 
technical, that is scientitic, education dircetly applicable to 
industrial work established on the Continent, is beyond all 
question of a high or complete character, it is taken advantage 
cf ebietly by a claas or by classes of young men nearly in all 
cases occupying a position in life above, and in many cases 
considerably above, the class or classes to whom the title of 
working men can be truly applied, and to whom the hours 
pr times of attendance are quite a matter of indifference, 
And even where educational facilities of a high or ad- 
vanced kind ore offered at hours which apparently suit the 
convenicnee of the working classes occupied of necessity all 
or by far the best part of the day, it appears doubtful whether 
it can be said that these facilities are really taken advantage 
of by those working men. The one exception to this is 
in the case of technical education as applied to what is called 
artistic work, or now perhapa more frequently art manufuc- 
tures, and in the case of France and Belgium. In those 
countrics—and with certain modifications it is applicable to 


Italy—amongst the working claasea engaged in art manufac. 
tures, “inetruction ” (to use the language of the Technical 
Commissioners) “ of the most practical kind is diffused to an 
extent to which we have no parallel.” It is right, however, 
to state that very great exertions have for some time been 
made, and are still being made, to place a system of education, 
the work of which will be directly applicable to technical 
industries, all over the Continent, and taking in all classes of 
the community. This is very marked in the case of France, 
Notwithstanding what has been now said as to the hitherto 
and present adaptation to the circumstances of the working 
clusses of its benefits, the fact remains that there has been 
established a system of technical cducation admirably adapted 
to give to industrial work the helps which applicd science 
enn so well yicld, And this has been the cuse for a period 
dating from a time long before the public mind in this country 
was even attracted to the subject: certainly long before it 
was so impressed with ite importance as to urge to public 
efforts to meet the requirements of the case. And now that 
we aro not only determined apparently to do sometuing prac. 
tienlly, but have in reality done much in the establishment of 
a xystem of sound technical instruction, the difference between 
the position wo occupy and that existing on the Continent, 
is this: On the one hand we have been only of late yeare 
beginning to cstablish a system of Technical Education, and 
have therefore been able tu do but a very little in affecting 
beneficially the actual work of Technical Industry. Further, 
we are at the best only feeling our way towards the establish- 
ment of a universal system of Technical Educatian, which 
fiom the diflicultios attached to it, will require years before 
our Technical Trades can possibly receive anything like the 
full benefit it is calculated to give them, (?lancing round 
at the position of the Continent in regard to Technical Edu- 
cation, we sce that the industrial arta have for many years 
been reaping more or less the advantages offered by the 
technical schools, If they have succeeded in but little else, 
the Continental peoples have had the start of us for a long 
time, Dut they have done more than this, and how much 
wo have indicated in an early paragraph in this General 
Review. The Continental peoples have had for long 4 system 
at work which only requires extension to make it embrace all 
classes of the working men, We have yet largely to decide 
upon the precise character to be given to our educational 
kystem, and then to extend it over the whole kingdom, While, 
therefore, all Continental nations have more or less paid 
marked attention to the subject, as most closely and intimately 
concerning the welfare of their pcople, and those who have 
done little have far excelled us, who of all the European 
nations have done the least, to Germany must be yielded the 
palm of excellence for her efforts in this great work. To 
quote the words vf one of our greatest English-speaking 
authoritics on the general subject, Germany, as generally 
admitted, ia “the best educated nation of the civilized world.” 
She is “gaining o better industrial position daily, and 
thore, instend of standing aluof from each other, and fore 
getting, as is too frequently the case in our own country, those 
greut facts and those imperative duties which every states- 
man does aud ¢very citizen should recognize, the governing 
and the governed classes have worked together for the common 
good, aud have given Germany, especially, a vantage ground 
in the universal struggle for existence and wealth, which ig 
likely in the future to enable that country for many years 
bteadily to gain upon all competitors.” And although the 
following remarks by this authority have 4 special reference 
to the United States of America, those amongst us who know 
best what is our position in this vitally important matter will 
admit that, if they do not apply rigidly to ourselves, they 
possess, nevertheless, such cogent force that they should at 
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leuat suggeat to us some considerations of the gravest import, 
While Germany ie thus gaining daily a remarkable position 
amonget the industrial workers of the world, the United States, 
remarka this high authority, is “ retrograding in all that tends 
to give manufacturing pre-cmincace, except in the ingenuity, 
skill, and enterprise of its people; and the one great, the 
vital, need of our people is a complete, efficient, and directly 
applicable system of technical instruction and of industrial 
training; {f they are to avoid the successful and impoverish- 
ing competition of nations, which have already been given 
that advantage by their statesmen and education a generation 
earlicr," While such is the position of Germany in this great 
question of Technical Instruction and Industrial Training, the 
deaerved eulogy which it has drawn forth from those best able 
to form an opinion of the value of the work which she has 
done, is more or leas applicable--in some respects more so— 
to other Continental nations; thus in Technical Education, 
France occupics a high position. 


The Position occupied by our Country gives us the Best Oppor- 
tunities to maintain our Supremacy as Technical Workers 
and Industrial Producers. 

There would appear, therefore, from all that we have said to 
be but one conclusion— namely, that we can only bring back 
the trade which to a certain extent we have beyond all ques- 
tion lost, and can only keep what we have left, by doing the 
best work cf which we are capable, by producing the bust of 
gouds which can bo made. And while producing the best, 
with our command of go many resvurces, we ought, while giving 
our customers the best, to be able to give tham, if not the 
cheapest, at least so cheap that they will, with their inherent 
goodness, always command the markets, And, fortunately for 
the future prospects of our trades, we are in the best possible 
position to do this, We liave at all events the “start” of all 
other pooples, And more than this—and it is of the greatest 
possible moment to us—we have not merely all the nataral 
and physical facilities for carrying on this perfect trade, but 
all the lessons of experience which years and years of a prac. 
lical monopoly so abundantly and so well have given us, lt is 
the very necessity which now furees us to be the producers 
vf the cheapest, but which must at the same time be the 
best of goods, that has of Jate years brought our bust thinkers 
ind the most far-scelng of our practical men to deeply con- 
sider our position in this vital question—* how best tu meet 
this competition with other peoples?" Thia is now, indeed, 
the paramount consideration of the day. Dependent as all our 
technical trades and industrial processes are upon science for 
the } rinciples which define and decide their practice, the 
question is this: How can wo mest prudently and most 
wisvly extend a knowledge of these principles—how Lest and 
cheapest apply them to universal practice? This, in other 
words, ig what is known as Zéchnieal and Industrial Lduca- 
tion, This may alwo be defined as turning the facts and 
principles of science to practical saecount; in promoting the 
intcrests-—that is, increasing the value of the work—cf daily 
life and business. Technical Education may thus be defined 
to be the systematic or scientific method of increasing the 
value of industrial work, 


Application of the Teachings of Science to Technical and 
Industrial Work. 

How best to secure a wide, or rather a universal extension 
of this technical education throughout all districta of the 
kingdom, has long been matter for the grave and earnest 
thought of those amongst us who are truly anxious that, as 
a nation of industrial workers occupicd in the wide range 
which embraces every style of production, we shuuld maintain 
the high position which we have vo long Leld, This they 
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clearly foreree can only be done by taking every and the 
eiee Mohair of all the lesyons which ncienee, purely ny 

oh, cll calculated to give, And not only in this way, 
but by availing ourselves of the accumu'ated stores of experi. 
once which have been handed down ty us by preeeding genera. 
tious, And this also is rich in lessons as telling ua uot only 
What is to be done, but what is to be avoided in the practice 
of the future. 

To sceure such advantages in promoting the interests of all 
aur industrial occupations, a variety oP means have heen sag- 
gested—a few only bave been tried, and this with varied and 
varying success, And if need not be matter of surprise for 
ws to learn that this suecewm has been, up till now, far below 
the expoetations of the sanguine, and has not eome up to the 
hopes even of those who took a more practicnl view of the 
difficulties of the position, Muchoof the effort made has been 
merely tentative, for we have liad everything to dearn, and 
this arose of necessity from the very nature ef the cireun- 
stances in which our industrial workers have been placed, At 
the present time we are therefore far from having attained to 
the standard of perfection, if that inderd be ever reached, 
seeing that the arts—becwuse the celences on whigh they are 
bascd—are eminently progressive, and auch in seienee itself 
ling yet and will apparently ever have to be Jeammed, — Still 
Wwe are nearer to the point of perfection in teehnienl know. 
lodge than we were sume years ago, And the best hope that 
We shall make much greater progress in the near future than 
we have done in the late past, lies in the faet that asa people 
wo are becoming daily more and more rapidly impressed with 
the conviction that, if we are indeed to mudutain our aupromacy 
in industrial work of all kinds, we must avail ourselves of 
the wids by which that industry is promoted in its bust and 
most advanced interests, 


Technical and Industrial as Part of the System of School or 
Ordinary Education—Technical Instruction as open to the 
Working Classes in Schools, Colleges, and Institutes. 

And precisely in proportion a4 thin conviction is becoming 
more and more fised in the national mind, do we find that 
Garhest Cndeavours are made to arrange our zeneral or poplar 
educational system so that its teachings will be closely applis 
cable to the production of industrial work, aud to associate 
With at, and draw to its help, every intluence of a favourable 
Kind caleuluted to aid it. That we ure now imaking great 
efforts to jutroduce a practical system of teehnieal instruetion 
Amongst our workmen is ane of the cireninstanees most gratis 
fying tu those who with a wise foresight are trying tu indons 
trinate the publie mine with a sense of the vital truth that to 
hold our own in’ work we roquire all the aida which seience 
can give in slowing us how to jmprove that work, The 
Royal Technical Commissioners, of what has been already 
done and is now being done daily throwrhout the country 
in this dirvetion, give a very complete account, To their 
report We refer the reader for details, space precluding us 
from yiving them here,  Sullice it to pay that everywhere 
our manufacturers, our Gugincers=- all, judecd, enuaged in the 
leading industries of the country are, po less than the general 
public, becoming rapidcy impreswed with a xemse of tha vant 
importance vf the subject, and arcoanaking efforts of ne ordi- 
mary kind to vive facilities for dinparting a «ound technieal 
education to the classexa who will be bencfied by it, The 
ditfeulty of the tusk bufore us docs not, we have every reason 
to suspect, He in the way of establishing the educational 
system requircd; meney enough and anergy enouyh in ite 
applicution will nat be wanting, as they never are luckiny in 
any movement when onee the public arrive at the concluaion 
that its work is absolutely necessary ta be done, The real 
difficulty we apprehend in the sulution of the paoliem before 


96 


us is not therefore in the cstablishing of a good system of 
Technical Education, but in applying !t practically to the 
circumstancea of the daily work and lives of the working 
clades, so that they can mnko it dircetly and {mmedi- 
ately useful to that work, This opinion—and {t is held 
completely, and shared more or les 4», by very many who are 
entitled to give expression to it—is based upon sound know- 
ledye of what our working-classes are, what the circumstances 
of their lives, what their habits and modes of thought and 


action are, 
Difficulty of the Problem. 


Put it ig not tho Jeust puzzling point presented by the 
problem before the nation, that its solution every one sees to 
be immediately required, While “the grass grows the steed 
aturves’; and the practical application of this proverb to 
the eireumetances in which our technical and industrial work 
ix now placed ia obvious enough, in face of the great and ever 
increasing competition with which our trados and industrial 
callings have to contend, This consideration, however, must 
only move the nation fo make up by the carnest work of the 
fulure for the grave evrors and omissions of the past, Nor 
must the public mind overlook the faet, and be unprepared 
to deal with if, that the problem of how best to adapt a 
avatemn of technical education, the establishment of which is 
fh reality the shinplest part of the work before the nation 
fo the peculiar clroumstaneea of the working classes, will of 
necoxsily apen up many other problems--certaluly more 
than one—having a mare or leas direct connection with other 
social conditions, So dependent, as it will be found, is one 
department or circumstance of working life upon another, 
The solution of the intricate problem thus before us, in view of 
interests involved vital to the welfare of the nation, is neither 
more nor leas than almply imperative, 

Bat this great work in it4elf is so manyesided, embraces xo 
many considerations, requires the doing of auch nv varicty of 
work in such a variety of ways, in order to moet the require- 
ments of so many classes, and is, as a ayxtuinatie whole, so 
new tous, that it is only reasonable to xappose that it will 
of necessity be a long fime before we ean formulate a good 
and thoroughly efficient system of National Technical Mduen- 
tion, And this, to bo of really practical servieg, must be mada 
na cloacly applicable to the main object in view, and as wide 
and comprehensive in its grasp of, or the hold jt will take 
upon, the people, aa is the system of primary or elumcoutary 
education now existing amongst ua. 


Work in the Extension of Technical Education to the Industrial 
Classes required to be dono, in Addition to that effected 
by Special and Publio Classes, Colleges, and Institutes, 

Tt door not eoncern us here to enter into details connected 
with the direction in which attempts are being made to esta. 
Dlish a sgstem of National Technical Education by means of 
Kuch agencies as Kchools, classes, colleges, and institutes of 
xeience nnd art, It is not here part of our duty to consider 
how far the principle upon which such educational establish: 
ments are based, and the means by which they can be rendered 
more efivient than they are, are calculated to yield tho 
largest amount af practical work for the great cost whieh 
their working involves, All that our present purpose calla 
upon ua to show is, that whilet those private schouls and 
public institutions can do--have done—much, there is more 
yet to be done, And this, with their general principle of 
operation, their practica’ orgauization,and their limited exten. 
hion--exevedingly limited when we consider the area which 
ought to be covered by them-—we fear they cannot, at present 
at least, directly do, 

The very fact that the establishment of those public institu. 
tions is of neccesity a costly undertaking, that the system 
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they propose to work out is meanwhile tentative or experi: 
mental, at least to a very large extent—for we have every- 
thing yet to learn in this the new direction of national effort, 
—the very extent of the field which is to be oceupicd before 
the classes it is desired to bunefit can all be brought practically 
within its sphere of operation,—makes it almost a matter of 
certainty that it will he ycurs before all the good they are 
capable of doing can be effected. 

But while the means to secure those advantages are thus 
slow of attainment, this gravely important position must 
never be lost. sight of, that the necessity te give them to our 
industrial workers is immediate and most peramptory. This, 
in fact, is Leeoming daily more and more decided. For the 
very causes which we have named as influencing injuriously 
the future of our trade are inercasing in numbers and potency 
every day. The competition of our rivals in business fs 
becoming every day keener and more carnest, while the more 
number of the competitors is marked with the same feature 
of steady and rapid increase, 

We have anid that while public technical classes can do 
much, they cannot, as we now ace, do all, It is, indeed, 
questioned by some whether. after all, they can really do the 
nos’ iinportant part of the work which now lies nationally 
before us, There are not a few thoroughly practical and 
prudent men who maintain that the real benefit of such 
public institutiona {a to direct the attention of working men, 
and those connected willi tachnical work, to private sources 
of knowledge, and to incite them to that close and carnest 
study of books, and the clear and close personal discussion 
of techinigal points with their fellow- students and workfellows 
—which lntter element a very eminent scientific, as well as 
wv thoroughly practical authority, says, docs more to give 
practical knowledge than all the attendance upon schools, 
colleges, or institutes, which might be given, 

It might, indeed, be unsily enough shown that the practical 
result of all technical teaching through the medium = of 
Jectures, or the more direct and individual teaching of the 
technical class, is to help the student to teach himself, or at 
all events tu assist him in taking the fullest advantage of the 
teaching of others in the special subjects he takes in hand, 
So far as seientifie lectures are concerned, they are not the 
end itself, but only one of the means to an end. If the 
Jeeture inspires the student chiefly, if not wholly, with the 
idea that what it gives is all that he requires in the way of 
educution, it fails —and in a way which docs infinite mischief 
—in effecting the object for which it confoasedly owes ita 
very existence, Scientific teaching, or rather, so far as the 
student himsclf is concerned, listening to what is baling 
lectured upon, is not education. It is only an incentive to its 
boing properly carricd out. Hence so many practical autho. 
Tities object altogether to scientific lecturing—purely as such 
—forming any part of technical teaching, This, however, is 
an extreme view. The lecture proper—for there are lectures 
and lecturcs—may be of use, often is, and can, we think, be 
made still more effectively useful. If it docs nothing more 
than direct the student to the oxistence, 80 to aay, of a country 
rich in a wide variety of products ready to his hand if only 
dug and looked earnestly for, it will be of value. The student 
must Aimac(f travel to and through the dominion; must look 
for, in order to find, and finding, keep or make his own, all 
the treasures which the field of scientific knowledge so richly 
posaosses,  Zndividual study must thus be given in order to 
fain individual benefit, There is no delegation in the work 
of education. If it is to be dune so as to be of true practical 
——that is, paying—service to the individual, it must be done 
alone, by Lim and for himself. And the greater the service 
he docs in this way to himself, the greater the geod he in 
turn atid in time does to the community at large. 
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THE ORNAMENTAL WOOD WORKER AND 
DESIGNER, 
In Carpentry and Joinery, chiefly for Exterior Work. 


BEING ONE OF THE SUB-SECTION OF THR PAPER ON “FORM 
AND COLOUR 1N INDUSTRIAL PECORATION,” 





CHAPTER I. 
Introductory. 

TuerE are certain principles of “Ornamental Drawing 
and Design” which are common to all classes of 
“design,” whatever be the muterial in which the 
designer works, What those principles are, the 
authors of the papers entitled “ The Ornamental 
Draughtsman ” and “ Form and Colour in Industrial 
Decoration” ond “The Cubinct Maker” have en- 
deavoured to make clear to the intelligence, we trust, 
of the most youthful of our readers. If the instruc- 
tions thore given, and suggestions and hints of the 
most practical character, be closely attended to and 
followed up, the pupils will come to the departments 
with which the present serios concerns itself, thoroughly 
prepared to apply their knowledge to the work of design 
in the ornamentation of various materials used in the 
constructive arts. As the ranches of ornamental 
drawing, and the principles affecting the application of 
form and colour in design, explained in the papers above 
alluded to, are common to aj] ornament as applied to 
wood, stone, or metal, so the “mouldings” of which 
in the paper entitled “The Ornamental Worker and 
Designer in Mouldings, applicable to all Constructive 
Materials (being one of the sub-sections of the 
paper entitled ‘Form and Colour in Industrinl Deco- 
ration’)” we have given examples, may be suid to 
be applicable to all ornaments) construction. This is 
specially true of those branches of handicraft work 
connected with what may be classed as tho building 
trades, and ia yet more especially applicable to those 
concerned in domestic buildings. In this category we 
include those connected with interior work as well as 
thore whose labours are confined to what may he 
called the outer shell of the luilding. So that in 
addition to the curpenter, what we purpose in the 
present series of papers to give under the head of 
“Ornamental Wood Work” will address itself also 
to the joiner and the cabinet inaker. 


Chief Characteristic of the Work of the British Carpenter 
Sound and Solid Workmanship. 


All writers on the subject of construction agree in 
according to the British workman the highest merit 
in giving workmanship of the best kind so far us 
stability, solidity and lasting qualities are concerned. 
This is known to all as “first-class work ”; sometimes 
somewhat facetionsly—borrowing a term from the well 
known shipe register at Lloyd’s—“ ‘A 1’ work, Sir.” 
Asa rule, this character for giving sound good work 
is eminently well deserved by handicraftemen gene- 
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rally throughont the kingdom; wthough it is but. 
right, by way of such warning as a record hore of the 
matter mec give, to state that there have been of late 
years whispers abroad that if the workman has po: 
lost the “cunning of hand and eyo” which distin- 
guished his forefathers through a long, long range 
of years before him, he is not always ready to do 
his work in the sumo spirit: which distinguished 
them, prompting them to give the very best they 
wero capable of, 

But while all writers have been unanimous in giving 
the highest praise to the work of construetion in this 
country, they have not been, and are not now by any 
Tuenns, ko ns to the claims which this work possesses 
to be considered beantiful or pleasing to the eye. Tn 
construction, purely asx such, we excel, or can excel 
if we choose to do so; in design of an omamental 
character we are xo far from excelling that we display 
but very fow evidences that we even know whut it 
mons. Such is the verdict as given on this point by 
the grout majority of those who elaim to be, and have 
indeed good ercdentials to be, considered as high 
authorities on the subject, Withont at all pushing 
inquiry into the field of facts as they exist around 
ux, to sce whether they would justify a verdict po 
disheartening as this, we may remark that it must be 
taken with aw reservation before it id adinitted to be 
correct. Wo think, for example, that it applies with 
greater force to some branches of work than it) doves 
to others, and that as regards one or two it does not 
apply at all, And this for tho reason, easily and amply 
enough proved by facts, that in point of design as well 
ax in construction, our Workmen in certain branche i 
will rank with the snine class of workinen mot with 
on any part of the Continent, 

Contrast in Ornamental Characteristics of Constructive Wood 


Work of tho British with the Continontal Carpenter or 
Joiner. 


For the reader will take note that in this point. of 
excellence, or the opposite -- deficiency in’ design, our 
workmon are always contrasted with the workmen of 
Continental Europe; of whom the French are usually 
snid to be the highest in the seale of creations of 
beautiful objects — that is, good designs, But if 
the French workmen are thus considered by many as 
bearing wway the palin of excellence in design, we 
nevertheless maintain that there are some branches 
in which our wevkmen in this respect are almost, 
some in which they are quite equal to then, and a few in 
which they are unmistakably superior, We do not here 
quote instances in proof of this, Occasion will be had 
again to refer more specially to the assertions we have 
male, in considering the details of certain departincnts 
of work. We meanwhile merely content ourselves 


with stating our opinion, which we believe to he 


amply justified hy facts, and we are glad that we 
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con do so, a8 to praise is, we think, always more 

delightful than to blame. 

But while this is so, we fear that those writers who 

mete out censure to our workmen as failing in ability 
to design—not that they love to censure, but simply 
because they feel compelled to do it—are more than 
justified by what ure the facts of the case in, we 
are constrained to say, more than one branch of con- 
structive work. What those branches me we shall 
have occasion to specify as we proceed; meanwhile, 
we preacntly name one branch, being that to which, 
in extenso, we purpose to direct the attention of the 
reader, a8 affording ample scope for the censure of even 
the most severe of critics, 

The External Timber or Wood Work of our Various Structures 
chiefly Domestic or Civil, as Certain Classes of Public 
Buildings, charasterised by an almost Total Absence of 
Ornamental Features. 

The oxternal parts of buildings made of timber are 
here considered as those capable of recciving all the 
valuo which ornamental design is so well calculated 
to give to them. In opening up this subject, and 
noting in what direction this censure is, and so amply, 
justified, we labour under the disadvantage of having 
but comparatively fow examples of actual construction 
in thix country, which would act as contrastive speci- 
mens, from which we could ilustrate the faults or 
deficiencies of the one by the good points of the other, 
For it is but a simple statement of the fact, that of 
ornamental wood work in the branches of construction 
wo have generally referred to, there is with us an 
nlmost absolute lack, From “Dan to Beersheba.” 
from John O'Groat’s house in Scotland to the Land's 
End in Cornwall, it might bo said with almost perfect 
necnracy, the “lind is altogether barren.” Tt is only 
here and there, and like angels’ visits, few and far 
between, that one meets with attempts at applying 
design to those parts of ordinary and general con: 
atruction for which it is specially dexignated as adding 
greatly to their beauty, while in no way interfering 
with their utility. Wo eay attempts are made; 
but it is doubtful whother this term, with what it 
involves, ix truly applicable. Such os they are, they 
look vastly more like matters of mere chances, springing 
up one knows not how, emanating from one knows 
not what, Of moxt of those wo fear it may be said, 
as was said of Topey, or rather as Topsy said of her- 
self, in the well-known novel, “’spects | growed.” 
Bichness in Ornamental Design a Marked Characteristic of 

Continental Timber Work in Domestic and other Structures. 

To know what design in wood work ia, as applied 
to the ordinary overyday structures in which timber 
is used, we require to cross the Channel and take a 
wide survey of the various countries of the Continent: 

That rurvey has been made, to an extent not often 

granted to dwellers in this country, by the writer of 
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these present pages; and he can with all truth aver that 
till he became practically acquainted with what almost 
every workman in wood—even nearly in the smallest 
village=—-on the Continent can do in ornamental wood 
work, he had not the slightest conception of the fine 
medium which ordinary wood construction affords 
for the exercise of design in ornament. Privileged 
to extend his researches over many districts widely 
sepurated from each other, and making the subject one 
of special inquiry and study, he was surprised and 
delighted with the examples he everywhere met with. 
And this excellence in wood work ornamented was not 
confined merely to what were, in point of fact, elaborate 
combinations of timber “in the large,” but it was mat 
with in every detail, however minute. Nor was it 

a feature of this department that its work was dis- 

played in structures which were, from their size or 

from their cost, considered as important works. It 

Was met with in structuros of the smallest and indeed 

of the humblest kind, Everywhere examples were 

met with in this less ambitious class of work in which 

it was evidenced, beyond a doubt, that the workman, 

out of a pure love for the clegant and the pretty, 

if not for the truly beautiful, would not orect: his 

structure, however siinple, without throwing out upon 

it some marks, more or less striking, of this love. 

Indeed, in many out-of-the-way corners the writer 

met with structures which the workman had erected, 

with but little chaneo of many eyes—save his own— 

Jooking upon it; yet upon which ho had lavished a 

true wealth of artistic design, And this not only in 

the general features or toud ensemble of the structure, 

but throughout all its details. Not a few cases of this 

kind were met with, showing beyond a doubt that 

the workmen had somehow got such a love of dosign 

that they could not help displaying it, even in work 

which, with us nt least, would be classed almost as of 

the meanest. And be it remembered that the work- 

men who produced many of these fine designs wera, 

in every sense of the term, but what we here call 
“ ordinary workmen.” 

The True Feeling in the doing of Ornamental Work which 

lies at the base of all True Artistic Work. 

And it is worthy of note that the feeling which 
prompts the workman abroad to do beautiful work in 
the way we have alluded to lica at the root of all 
artistic work, Ie who is possesved of the true artistic 
spirit docs beautiful work because he likes beautiful 
things, And he does it with as much pleasure and 
earnestness if he knows no one is ever likely to ece it 
but himeelf, The notion of an audience, or rather of 
a number of spectators, never reems to concern him. 
He is not thinking of applause, or of payment for 
his work; whether he receives the one or pocketa 
the other, or whether he receives neither the one nor 
the other, he does his good work all the same. Para- 


THE ORNAMENTAL WOOD 


phrasing @ well-known phrase, we may say of him that 
he stands as if saying, ‘‘ Here I stand,—I can do no 
other than I do.” And artistic work in the true 
sense of the term will never exist amongst ua as it 
ought to exist till this spirit spreads widely amongst 
and influences our workmen. It is only the love of 
the beautiful which prompts to the execution of 
work considered in and by itself beautiful. And 
although it is quite legitimate for a workman to 
try and “ better himself” in the world, as the phrase 
goes, by having a knowledge of design, he may reat 
assured that if this be his only motive he will never 
ocoupy aught but a very subordinate position in the 
ranks of designers. As the doing of duty in every 
rank of life is the first consideration—come what come 
may, this and no other-—so, unless the art workman 
be imbued with a Jove of the beautiful for the sake of 

the beautiful, he may profess to bo a designer, but a 

designer in the highest and truest sense of the term 

he never will become, 

Exceptions to the General Lack of Ornamental Features in our 

Timber Work. 

In snying, ng we have already said, that of work 
of this kind our country is altogether barren, we did 
not intend to convey that wo had purposely or other- 
wise overlooked the fact that there are some excep- 
tions to the statement. TBut we do not hositate to say 
that these are truly exceptions, and that the rule is as 
wostated it. Our position, in point of fuct, ix precisely 
that of the writers we have alluded to, who maintain 
that while our workmen excel in construction, they 
fail mirerably in design. Tn averring this it is not, 
of course, understood that they deny, or would if put 
to it deny, that there are some—very many—work- 
men who show power in design as well as Kkill in con- 
struction, All that they mean—and it is much—is 
that as a rulo their criticiam is amply justified. So, in 
like manner, while admitting, and gladly, that thero 
are not a few specimens of fine designs in woodwork 
, 00 be met with amongst us, we do aver that as a rule 

thore is an ulmost universal Jack of it. Indeed, 

keeping to the general class of ordinary, or if the 
reader prefers it, common work, and comparing it 
with the same class abroad, this might be said with 
all safety—that the art of design in wood, ax applied 
chiefly to external work, does not exist in this country. 
And this does not ignore the fact that there are 
specially good examples designed by able architects 
for special and generally costly work. Nor Joes 
admission of this fact in any way disturb—certainly 
does not destroy—the rule as we have stated it in the 
baldest, pluinest way. 

Popular Artistic Taste, or the Leck of it, the Cause of the Low 
Condition of cur Timber Work, ornamentally considered. 
—Its Reaction on the Practical Workers. 

As we have said, its truth can be proved any day 
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and anywhere—proved negatively, if not positively, 
Only that the truth is not popularly observable, as in 
the popular mind there does not exist any recognition 
of the fact that a want exista. What one does not 
know of or think about one does not wish for, And 
if we do not miss examples of beautiful work around 
us, that in all probability arises from the fact that we 
do not know what the beautiful is. This, indeed, is 
one of the most cogent reasons which exist for what 
is called art education, This does not consist, ax 
some seem to think it does, in merely teaching pupils 
the rudiments of the art, or even going far beyond 
this, but it includes a cultivation of the beautiful, a 
desire to have it and to exercixe it amongst the people 
generally, In truth, this enltivation of a taste for 
the beautiful is that on which a desire to be able to 
execute beautiful work is based. For the very first 
step we must take in the acquirement of any branch 
of knowledge ix to become aequainted with the fret 
that we are ignorant, and that it would bo the 
better for us if we had knowledge. Tho first, step 
to acquire anything is to be aware of the fact 
that we loxe something by having it not, There 
ix no satisfaction so supreme tht things are right 
like the sutisfaction which the truly ignoriuit possess, 
We onake the first step in getling them to aequire 
all the inestimable advantages of knowledge when 
we get them to perceive that they are losers by the 
Jnck of it. Wei may eduente, ax we term it, any 
womber of art workmen by the rules of art, and get 
them to exeel even in the details of its practice, But 
this is not art in the highest sense of the term, any 
move than it is knowledge whieh so many scholars in 
our schools have when they leave school crammed 
only with facts which they may be ablo to repent well 
enough, but of which they can make no use, simply 
because it is only the mere faculty of repetition or of 
memory which bas been exercised, not the intellectual 
faculties which grasp the true meuning of their 
“lessons.” 

Recent Improvements in the Popular Taste in regard to 

Beautiful Work. 

Much of this which we have said lies rely at tho 
root of the movement known as the eultivation of 
a taste for the beautiful amongst the general popu- 
lation=-that is, amongst those who have no practical 
or business connection with artistie work as a calling, 
nor are even likely to exerciae it asim accomplishment. 
This cultivation of a taste for the beautiful has been 
and is still advocated by many, on the simple ground 
that by having it they will be all the higher in the 
seale of civilization; and possess a new intellectual, 
and in itself a pure pleasure—leading to a denire 
to leave and to dislike the lower and grovelling 
pursuits and tastes which in truth affect so many of 
our people, 


The Drawing Board and T-Square, although Separate Pieces, 
yet practically form but One Appliance. 


And first as to the drawing board and the T-square, 
which, although two distinct and separate appliances, 
may be looked upon as Dut one, seeing that the 
board is useless for practical purposes without the 
T-square, and vice versd, Those two mny be enlled 
the primary or essentind appliances of the draughts- 
man. Different sizes of drawing boards are required 
for wide practice; but for the beginner, one fifteen 
inches long by twelve wide will be sufficient. It may be 
and is made of different kinds of wood, as fir or pine 
(of those red pine is the best), Spanish anahogany, 
or apple or pear tree wood, But of whatever variety 
of timber it is mnde, it is essentinl that the wood 
used be thoroughly well seasoned, -Muany boards are 
made of badly sensoned wood, and the result is that 
they warp and twist so much that they are uscless 
for the doing of correet work, The best plan for the 
young draughtsman to secure a drawing board of 
well-seaxoned timber is to purchase it from one of 
the old-established mathematical instrument makers, 
They keep a stock of timber on hand for a long 
period before making it up into boards, and any 
which do warp, or give signs of warping, they lay 
aside for adjustment when fully seasoned, and until 
they are so do not offer them to their customers. 
Established houses have a reputation to lose, aud that 
the young draughtsman may rest assured they will 
not imperil for the small profit they could make by 
selling a defective board, 
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piece f”, There are other methods of constructing 
the drawing board so os to prevent it changing its 
first accurately given form; but at present we give 
only the simplest and the most generally used mode 
of construction. 

Not only must the surface of the board a 6 e d, 
fig. 1, be absolutely flat, no one part of it rising 
above another part, but it must be perfectly “ square.” 
That is, the ends, as a d, b ¢, must be exactly at right 
angles to the sides a b,o0d. Any deviation from this 
condition gives rise to a proportionate inaccuracy of 
adjustment, which will show itself in every drawing 
done on it. All boards, when made, are accurntely 
adjusted so as to be “square” or “true,” as the 
technical phrase ia, but if kept in stock for a con- 
siderable time they are apt, even when what has 
been thought to be well-seasoned wood has been 
used, to warp a little, and should be adjusted before 
being purchased, A very simple teat will enable the 
draughtsman to see whether tle board is accurate, 
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Description of the T-Square. 

The T-Fquare, which is a constant companion of 
the drawing board, 18 80 called from its shape, which 
closely rescrables that of the letter T ; the head or 
stock aa, fig. 2, being ab right angles to the blue, 
4}, This blade should be of tho same length as, or & 
little over, that of the board, as a b, ¢ d, fig. 1, Asin 
the cage of the board, it is absolutely essential that the 
T-square should be, what its name, indeed, assumes it 
js, namely rquare, otherwise it docs not deservo the 
name, That is, the head aa must be exactly at 

right angles to the blade 6 6, or vice verad. Tho hend 
und blade are so secured together that the head aa 
can be slid or moved along any of tho edges of the 
board, while the blade 6b ghall lie quite flat upon 
the surface in contact with it throughout its wholo 
length, ond so alro that the purt of tho head in 
contact with the board shall lic flat against the edgo 
throughout its whole Jength. There are more ways 
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than one of recuring these conditions, The simplest 
way to connect the stock or head of the T-square with 
its blade is to screw or otherwise fasten on the end of 
the blade to the central part of the upper surface of 
the head, But a neater way is illustrated in fig. 2 
atc. In this the end of the blade 6 b is finished 
with a dovetailed part ¢ (see “ The Joiner ” for illus- 
tration of dovetailing), this being let into a correspond- 
ingly shaped part cut out across the upper face of 
the head or stock a a at its central point. When the 
two are placed in position, the part ¢ is secured by 
two small screw-nails, or glued or cemented. A sliding 
surface or shoulder for the head aa to slide along 
the edge of the drawing board, as a 6 or be, fig. 1, is 
obviously provided by this construction, as the thick- 
neas of the blade b 8, fig. 2, is always much less than 
that of the headaa. It results, therefore, that when 
the end ¢ of the blade } bis let into the head to its 
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be “flush,” or on the same level, the stock or head 
being so much thicker than the blide, a portion of 
tho thickness of @ a will be below the blade 6 6. This 
position gives a sliding surface to the head, for 
contact with the edges of the drawing board, But in 
more carefully constructed T-squaros, a special sliding 
edge is formed in the head or stock a a by cutting or 
ploughing out a deop “rebate” (see “The Joiner”), 
as at de, showing part of the edge of the blade bb. 
An ond view of the stock is shown at FF, with the end 
of the blado let into it as at yA sido view of the 
T-squure as a whole is shown at head @ and blade 
b' '”, the rebate being shown in hend. 

The Drawing Board and T.square in the drawing of Lines 

parallel to and at right anglos to each other. 

Tanes parallel to the sides a b, de (fig. 1) of the 
hoard, or others parallel to the ends ad, be, ov parallel 
to one another, can be drawn by the aid of the 
T-square (fig. 2), and obviously lines at right angles 
to each other in these directions, and then transferred 
hy peneil to any sheet or piece of paper lying upon 
and secured to the surface, a ded, of the drawing 
bourd. But the drmwing off such lines is) prently 
fucilitated, and other lines at certain angles to those 
can be readily drawn, by the ase of other and simpler 
appliances. ‘Those will be explained presently 5 but we 
now have to give a few remarks upon the paper, and 
the methods in use for securing it to the board so that 
it shall remain fixed in one position from the eom- 
mencement to the finishing of the drawing which is 
in hand. 

The Classes or Kinds of Paper used by the Draughteman 
or Student. 

There aro two kinds of paper which the young 
draughtsman muy use, Tho first, for superior draw: 
ings, is that known specially as “drawing " paper, It 
is inude in various sizes, each Kize being known by 
n distinctive naumne—nas “demy,” “royal,” © imperial,” 
“antiquarian,” ete, This kind of paper is made by 
hand, and is therefore very expensive, and is generally 
known as “ Whatman’'s,” from the name of the maker, 
who gained a high roputution for the making of 
paper of this cluss. There are other makers ; but 
the draughtsman can casily see by whom any paper 
offered him is made by holding the sheet up to the 
light, thus making the water-mark name of the maker 
obvious, Drawing paper of this class is made of two 
kinds— one with a highly polished or glazed, the other 
with an unglized and somewhat rough surface. Some 
draughtsmen prefer the glazed or stncoth-surfaced, 
others the rough. We should recommend the young 
draughtsman to use the rough or unglazed, The 
surface of this takes a better bite of the pencil, and 
takes on ink and colour much better than the paper 
with highly glazed surface, 
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draughtsman is machine-made, woven, or web paper. 
This is often described as “cartridge paper”; although 
machine or web papers aro now made of a kind vastly 
superior to the old cartridge paper, and those kinds 
are moreover now very moderate in price. It ia much 
cheaper than hand-made. though not nearly so strong, 
and is therefore az. %< sit and tear up when fastened by 
the stretching method of securing it to the board about 
to be described, It may be had in almost any length, 
being made in a Jong web and rolled up. The width 
is alxo very considerable, Although inferior in quality 
to hand-mnado, it is quite good enough for the young 
draughtsman to commence his practice with, and is 
indeed largely used by practical men for the making 
of rough or first drawings, or sketch drawings, and 
also for much of the work of working or large-scale 
drawings. There are, of course, diferent. qualities of 
this class of paper, and the best is not so very inferior 
to hand-made, so that it suffices for a pretty wide 
range of work in the drawing office or school. A 
still cheaper and perhaps more easily purchased cluss 
of papor may be used by the young draughtsman for 
his early lessons, This class is made up of the different 
variotios of printing papers, some of which are vory 
trong, and afford good surfaces for tnking on colour 
and ink and giving a good bite to the pencil, We 
have known young men not Dlossed with a well- 
filled purse do a vast deal of excellent designing and 
sketching work, and even of well-tinished drawings, 
with that class of paper —known sometimes as ten” 
paper, being that used for the wrapping up of their 
medicine bottles and paeketa by dinggists, Sixpence 
will purchase a pretty good stock of this, and being 
by no means a poor quality of paper, it will be found 
useful for a variety of purposes — writing as well as 
drawing—in the career of the technical student. 


The Different Meth:ds employed in Fastening the Sheet of 
Paper down to, or Securing it to the Face of, the Drawing 
Board—Temporary Fastenings or Fixings. 

The quality and class of paper being decided upon, 
the next point with which the young draughtsman is 
concerned is the fixing or securing his sheet to the 
sirface of the drawing board. There are two classes 
of methods for doing this work; one may be called 
the temporary, the other the fixed or permanent. The 
temporary may be done in two ways, First, by using 
small squares—say three-eighths of an inch or there- 
abouts on the side—of gummed paper. The drawing 
paper heing placed as square or straight upon the 
surface of the board as possible by the guidance of the 
eye, or by the use of the T-square, is fixed in position 
by applying one of the squares of gummed paper with 
its gummed surface moistened to cach corner. The 
square should be placed so as partly to take hold of 
the surface of the paper and partly of that of the 
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board, and, in pressing it down with the thumb, it 
should have a slight twist or turn given to it, which 
will make the hold or bite of the gum all the firmer, 
We should advise the draughtsman to make his own 
gummed paper with a good strong solution of gum, 
made also by himself (see a note on this in “Technical 
Facts and Figures” in the Supplementary Section), 
The margins of postage stamps may be used for this 
purpose, but the gum now used for them is not by 
any meana strong or adhesive, and is not in this 
respect at all equal to the gam employed for gumming 
the old or red postage stamps. 

The second method of the temporary class of securing 
drawing paper to the drawing board is by “pins,” 
generally known as “drawing pins.” These are little 
discs of brass, of various diameters, usually three- 
eighths of an inch or “thereby ’—to use a word well 
known to most practical men. In the centre of these 
small sharp-pointed steel studs or ping are inserted, 
being in the best made pins screwed into the disc, not 
merely riveted, os in the cheaper forms. We should 
recommend the draughtsman to purchase the baat 
quality, which will prove the cheapest in the end, 


Defects of the Method of Temporarily Securing Paper to 
the Drawing Board by Means of ‘ Pins," 


OF the two methods named in preceeding paragraph 
we should any the first, or gummed-puper fastening, is 
much better than the second, or drawing pins. These 
obviously make distinctly marked holes or apertures in 
the surface of the druwing bonrd at every point at which 
they are used. And this not only in time by constant 
use disfigures the surface, but, worse, the holes fre- 
quently are found to he the cause of annoyance and 
erent loss of timo to tho dranghtsman. For example 
—and this is not seldom met with—he may find, in de- 
seribing a circle, that the centre of it is precisely above 
one of the holes in the drawing board made by a pin 
formerly in use. If the circle is to bo described only 
once in pencil—-or twice, if the pencilled circle has to 
be inked in—if the dranghtsman has the “light hand” 
he should aim at securing, and the paper is of the best 
quajity, or thick and tough, the probability is that his 
bow compass point may not pierce the paper. But 
if he has a “heavy hand,” or if he has to deseribe a 
good number of circles from the same centre, or use 
the centro frequently for measurements, ete., he may 
find, when his bow compass point does pierce the 
paper, that, pnxsing into the drawing-pin-hole in the 
board surface beneath, such a “ wide-gaping aperture” 
will be made in the paper as to dispel all hope of 
describing circles from such a centre accurately. No 
doubt, in such a cnse the little appliance used in 
such cases, as when many circles are to be described 
from the same centre, may be employed. 
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THE TECHNICAL POINTS CONNECTED WITH 
THE EMPLOYMENT OF FORM AND 
COLOUR IN INDUSTRIAL DECORATION. 


CIAPTER I, 
Introductory. 
Tne purpose of all decoration is to benutify the object 
to which it is applied. We do not here propoxe to 
enter into the discussion of the question as to whit 
constitutes beauty in an object of art. What has 
been said upon this much disputed point—at least, 
as much of the discussion as is useful for our genernl 
purporses—will be glanced at in auececeding paragraphs 
in this paper, and more incidentally in other papers, 
as “The Ornamental Draughtsman,” “The Cabinet 
Maker,” etc. We here tuke it for gronted that the 
artist who proposes to apply design to decoration has 
in his mind the principles of what constitutes beauty 
necording to our best authorities; otherwise he is not 
prepared to carry them out into practice. Our present 
purpose is to give a general statement of the prin- 
ciples of decorative art, following this up with some 
remarks under separate heads, showing their epecial 
application to certain departments of art manufacture, 
such as pottery, will decoration, and the like. 
Decoration of Form. 

And first as to tho decoration of form, And here 
the young art student must bear in mind that we are 
row considering those objects which have a certain 
shape or configuration giving solidity—the term form 
in the meantime not comprising thore skhapos of 
surface which have an outline no matter how varied 
in configuration—that is, which have surface only. 
The first or primary principle we start with is that tho 
decoration adopted—-whatever be its style—shall not 
interfere with the true or original form of the object. 
Take, for example, a Greck vase. This, so far np its 
form is concerned, may be divided into three parts: 
first, the body, comprising the bulk of the vase; 
secondly, the neck ; and thirdly, the base, Tuke first 
the hase, as treated in Greek-art. The decoration of 
this part consisted in the avoidance of all cross or 
angular lines, and in the imparting to them a per- 
pendicular or vertical direction, so that the body of 
the vase would spring from the base ns naturally as 
the flower from the calyx. The base or foot generally 
was decorated with bands of varying width ; the lower 
part, or what may be called the plinth, having a band 
broader than the parts which receded. 

As regards the body of the vase, where it springs 
from the base, or “foot” as it ia technically called, 
the lines spring upwards, pointing towards the upper 
part or “neck” of the vase—embracing it, as it were 
—after the manner shown in the illustration of a vase 
given elsewhere. There is but little doubt that 
this principle of decoration was borrowed from nature, 
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ns in the growth of plants and flowers, in which it 
will be found abundantly displayed and most. sug- 
gestively illustrated. Those lines are, aa seen in the 
illustration (fig. 1), sharp-pointed or Jancet-formed, 
And above the termmi- 
nation of these there is 
usually a band encircling 
the vase, This band 
forins the hase for the 
decoration of the body 
of the vases aud as a 
rulo—-with, of cour.e, 
exceptions «the height b 

of this band from the 

foot is about one-fourth | | 





or thererbouts of the 
height of the vase, 
Above this line of thea — = 

hand the principal deco- Fig. 1 

ration of the body («) of the vase boging., This decorn- 
tion was dietated by the use to which the vase was to be 
applied, A very frequent, style of decoration employed 
for tho ornamentation of this part or body of the vase 
in what may be called the processional,” where a line 
of dancing fauns, satyrs, and vestal virgins eneirelo the 
vase, Such vases were in all probability designed for 
and used in religious processions and ceremonies, 

Above the procession of figures, just on ¢he shoulder 
or point where the body of the vase begins to taper 
into the neck, bands encircle the part, Those aro 
usally ornumented with flora] decorations within or 
between the bunds. Then eneireling the neck comos i 
series of bands, generally with pointed forms between. 
At and upon the lip comes the ornmment known as 
the echinus moulding, or egg and tongue, the out- 
line of which is the quarter round or ovolo (seo the 
series of papers which take up the subject of the 
Designing of Mouldings, and tho distinction between 
the Grecian and Roman styles). 

The Principle involved in the Foregoing Remarks as to the 
Decoration of Form. 

The reason why we have given these explicit 
remarks we would wish to make very obvious to the 
pupil, showing him the manner in which the Creeks 
decorated their vases in the way described, and whieh 
succeeding generations through many ages have felt 
and declared to be right. ‘The student will observe 
that the decoration they employed tn no wise interfered 
with the shape or furm of the vase. If ho has any 
difficulty in ut first conceiving how decoration could 
alter form, he has only to consider that, by adding 
to the form of a vase lumps, so to dexignate them, 
of fruit and flower projections—to which we cannot 
honestly attach the namo of ornament—it is by no 
means a dificult matter to alter the form of any 
yare, however elegant in its true or pure form, Te 
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put the point in an absurd, yet perfectly truthful 
way, ono might mnuko a vase assume the shape of 
an unhewn rock, or some grotexqne fabulous animal. 
Examples —too abundant, unfortunately — may be 
inet with duily at present in the shop windows 
of our towns, the product of what is called “art 
manufacture.” What claim to this title such mon- 
strosities have, we leave the student to judge after 
whit we have avid and have yet to say, The only 
merit’ wo sve in such decoralions—if so they may 
he ealled—is that they ean be easily knocked off: 
fate or rosuit devoutly to be wished, as there would 
then be some chance of seeing what the original or 
true form wus, 


True Decoration does not interfere with the Nature or Utility 
of Form, 


The above remarks must be taken as involving 
principles applicable to the decoration of the surfaces 
of all forms, although they are specifically illustrated 
by these forms known generally as vases. From these 
principles the specinl canon or rule to be deduced 
ix this—namely, that no matter what the form may 
be, its decoration should never interfere with the 
purpose for which the object has been made, This 
may be hery illustrated, and with a direct practical 
purpose, by a boat. This, the product of the inven- 
tive ability to design and the mechanical rkill to 
construct which man porseskes, is designed to overs 
come or master the physical diffeulties arising from 
the known charactoristics of water, which naturally 
presonts obstacles to his progress of locomotion in 
going from pluce to place— in brief, to bridge over, so 
to say, What would be ax impassable gulfs separating 
localities, And this bridging over of otherwise im- 
passable spaces is done in such a way, that while 
wo obtain facilities for progressing rapidly, we at the 
samo time secure personal comfort in being Eept from 
contact with the water, and comparatively absolute 
safety from its known dangers, Now, a boat which 
thus serves the practical purposes of life, and in this 
sense may be looked upon as n thing of utility only, 
possesses Other attributes. Amongst there, and 
specially standing out in the most marked manner, is 
this-—that it isa “thing of beauty.” What a boat 
displays in this way, and what other things, and 
grandly suggestive, a .boat shows and teaches, let 
the remarks of Ruskin on this very subject testify. 
How deeply suggestive this to many minds the 
commonest of commén things is, the reader will 
learn if he reads what this finest, 03 he is the most 
honest of all writers on art, says about it. If for 
the first time, he will no doubt to his surprise find, 
that there are things about so simple a thing aa 
‘only a boat,” of which his philosophy had taken no 
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previous cognisnnce. , Now, the art student, if coming 
newly to the general subject of artistic treatment of 
objects, may think it a somewhat strange thing to 
talk of the decoration of a boat. But boats have 
from the enrliest times been decorated, and decorated 
they often ure now. And, apart altogether from the 
question as to the propriety or otherwise of deco- 
rating or ornamenting a boat, which, strictly speaking, 
is designed only to do hard work and withstand the 
buffets of wild wastes of water and of boisterous 
winds, we tike its decoration as here simply, but 
us we think effectively, illustrating the point with 
the importance of which we are endeavouring to 
impress our renders. The decoration of boat may 
be produced in two ways: first, by having ornament 
external to its surface; and second, by pierced aper- 
tures of various forms passing through its sides. 
Tuko first the external ornament, But a moment's 
consideration will sutiiea to convey to the student, 
that the first cxsential attribute of a boat, after the 
purposes of strength to contend with subtle yet 
ever poworful forces are secured, is that it shall 
glide ensily, and so to sny softly, through the wators, 
whether these be in calm or tormented by the fierce 
winds into a howling waste of restless waters, Now 
let the student conceive for a moment the effect of 
externally decorating « bout— on what we have culled 
the “lumpy” principle—as illustrated in some of the 
forms of vasex, ete., of modern art manufactures, 
The mere mechanical resistance offered to the boat's 
progress through the water, whether oar-impelled by 
force of sinewy arm or by the breezes of heaven, by 
these exerescences, or “ lumps” of ornament so called, 
would obviously interfere with the principle of utility, 
which is the very raison détre, or reason for the 
boat’s existence. And thus this style of ornamenting 
or decorating » boat would, in the great principle 
we have been enforcing, be condemned. And this is 
altogether independent of the question of the beauty 
of the form, which might be either carved out of the 
solid wood of the boat’s timbers, or formed separately 
and mechanically attached or secured to its sides, 
Those forms might or might not be beuutiful; but 
whether beautiful or not, they would, to put the 
point in bluff langunge, as befits the subject, have 
no business to be there. The same principle is illus- 
trated in the second of the two styles, by which only 
we have said a bout can be decorated—-namely, by 
pierced apertures made in ita sides. Here again, 
aa before, let the student conceive the effect of 
decoration of this kind upon a boat. We have said 
that one of the attributea of a boat is that it shall 
do its work quickly, that it shall receive the motive 
impulee of wind or muscle, so that none of it be lost 
or squandered away. 
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THE DETAILS OF His WORK AND THE PRINCIPLES OF I's 
PROCESSES, 


CHAPTER I, 
Introductory, 

It would be a comparatively easy thing to enlarge 
here upon the importance of what is called tho 
‘iron trade” to the country, how much it has done 
to extend ita commerce, and to ereate, increase, and 
maintain its high influence as the wealthiest and inost 
powerful country of the world, Other trades, ns 
that of the cotton mnunufacture, muy excel it in the 
aggregate value of its yearly output or production ; 
but as agriculture claims, and justly, to be the 
oldest and most honournble of all the callings by 
which man makes his living, as without its produco 
neither he nor his neighbours could live, so in like 
manner muy the work of the iron maker be suid to 
tuke preeedence of that of ull other industrial branches, 
inasmuch as his produce is that absolutely essential 
to the carrying on of their trades. The cotton and 
other branches of textile manufactures, to say nothing 
of the wide and varied list of other industrial arts, all 
require machines to carry on their ditlerent processes, 
and without iron those machines could not be made. 
Their presence is one of tho first necessities of every 
brauch of industrial work, and the material of which 
they are constructed comes from our iron works, 

Brief Glance at the Eurly History of the Iron Trade.—Its 

Practical Technical Lessons, 

Those of our readers who have travelled much 
through, or are otherwise acquainted with the topo- 
graphical features of our country, know those localities 
which are described in trade journals and in com- 
mercial circles as “The Iron Districts.” Such districts 
as wo shall briefly describe, with all their peculiar and 
suggestive circumstances,—presently for practicul purs 
poses to be further alluded to,—exist in different 
parts of the kingdom. But it is only in a few where 
the examples of tho works wo have indicated are 
closcly and thickly set; markedly in certain parts of 
the midland and the northern districts of England, 
in Yorkshire, aa in the celebrated “Cleveland” 
district, certain parts of Wales, and in the west— 
chieflly—of Scotland. And of these, two integral 
parts of the kingdom, the “Black Country” stretching 
over the dreary region between Wolverhampton and 
Birmingham, and the somewhat less desolate, if still 
dreary one, near to and partly surrounding Glusgow, 
afford the best types of whut are called the coul and 
iron districts of Great Britain. The traveller accus- 
tomed to traverse the country over and through, 
knows of course other districts little less typical ; 
and many parts where, from a curious concatenation 
of circumstances, an iron works and a coal-field works 
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combined, rear themselves in suole and solitary bulk 
amidst scenery and surroundings vastly different from 
those of the specin] iron districts wo have above 
named, But those who have no spevial or business 
interest with the “trade” carried on in the above 
districts, and even some of those who have, minty not 
know that these have not always been the seats of the 
iron trade, Ranging, indeed, over the centuries whieh 
comprise the history of our country, it may be said 
that the prosont localities of the trade have originated 
within a period only comparatively recent, 

Time was, however, in the history of our country, 
that these, now the chief places for the supply of iron, 
were far from being so. So far, that some of them 
did not exist. From the peeuliae cireumatances. of 
the curly times of the inanufaeture of iron, the iron 
works were located whore timber-—that alone being 
then used as fuel, in the form of chareoul —wis most, 
abundant. This ciremmstanee gave to counties south 
of London that pre-eminence as seats of sucha trade 
in the production of iron as then existed, whieh 
the counties north of if now alone possess, Tt was 
in Sussex, Surrey, and in Kent, that formerly, in 
generations long passed away, the chief seats of what 
then represented) the vast souree oof wealth now 
involved in the iron trade existed. OF the works 
of former days in those counties, the remains in 
heaps of scoria, forming now chiefly green and flower 
covered inounds, and much less frequently decaying 
or indeed decayed relies of the works, how they enme 
there, and what purpose if he ever thinks that they 
had indeed any purpose. -they served, the unlettered 
peasint, ax ho slowly guides his plough through the 
fields by which they are ko often surrounded, but little 
cares to know. 

But the manufacture of ivon--and in those early 
times the term was much more applicable to the 
trade than now, for then it was literally alinost by 
hand that it) was eurried on, iron muking oeeupying 
a lurge place in the concerns of the iron-miaster— war 
earricd on in many districts of the kingdom, from 
a very early period. Those wonderful people the 
Romans, tu whom modern civiliziution owes xo much, 
nv more neglected this than they overlooked other 
sources of power, For abundant evidence in still 
extunt to show that they discovered the localities 
where iron ore existed ~ulthough from their limited 
resources of working at command, they chiefly, if 
not wholly, availed themselves of the deposits which 
cropped out actually at or were found at very ensily 
reached distances beneath the soil, And it is equally 
beyond doubt, at wl events would be so if researches 
were made, that by the monks of the early und 
middle ages the actual working of the iron trade, 
and probably in its highest then developments, 


was greatly promoted. 
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At the city of Gloucestur, so early as the date of 
the Normnn invasion, the manufacture of iron was 
carried on to what would then be called a great, 
but which with our experience we may cull only a 
considerable, extent, And it ultimately reached to 
Kuch @ point that, as we shall hereafter see, the heaps 
of seoria or cinders—rich comparatively in unreduced 
or unextracted metal—as the result of it, came to do 
good service to the manufacturers of a much later dute, 
But, as we have hinted at, Sussex wus one of the 
chief, 2 not the clief, seats of the iron manufacture 
of the early times of this country, Worthy old 
Fuller, to whose quaint history of the “ Worthies of 
England,” written ko curly as 1662, modern historians 
owe so much not always acknowledged, says of this 
great scat of tho iron trade, “great the quantity of 
iron made in this county,’”—not only worked up there 
into various aruieles then in use, bit sent to other 
parts of the kingdom, und (this fenture of the then 
trade not known to many, who conceive that we always 
then wholly imported) exported “beyond the sens,” 
Fuller niumes several “ worthies ” of the iron trade who 
did much to increase ity importance and to extend 
its uses, Then, as now—and the fuct is a curious 
commentary upon some Views somewhat pertinaciously 
put forward—the making of ordnance and appliances 
for war formed a very marked feature of the trade, 
nnd then, as now, was tho means of introducing 
improvements in working and new applications of its 
muaterints, 

The Seats or Localities of the Iron Trade.—Some of the 


Conditions of and Improvements in the Manufacture 
Tron.— Technical Points connected with these. 


Those who have occasionally passed through, if they 
have not tarried fora time in the iron distriets— of 
which wo take as a striking type that locality in the 
midlond counties of Englund known everywhere as 
“the Black Country,” already referred to—must have 
been at all times struck with features which are nlto- 
gether peculiar to them. 1f not the first which he 
takes notice of, it will not be long before certain 
objects will loom largely in his mind os some of 
the most remarkable fentures of the locality. Those 
are the huge und high mounds of dark and grimy 
material, which but little lighten up the too f requently 
prevailing gloom of the locality. Those monnds— 
unlike those on the plains by the banks of the 
Euphrates—entomb no records of a past people long 
ago died out, They aro solid musses of heavy material, 
in xoine measure liko the huge blocks of which the 
Pyramids are raised, although, unlike them, they are 
thrown down at random, assuming what form the 
law of thrown-down material dictates, Some of the 
mounds stand silent and deserted, dating buck from 
& period many generations anterior to the present, 
They are composed of a hard-surfaced material, alinost 
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indestructible. And, but little influenced by weather, 
they are not covered so kindly by the hand of Nature 
in the way in which she generally conceals the other- 
wise ghastly features of the old relics and ruins of 
man's work, ‘The whitish-yellow surfaces of the blocks 
of slag mny get black and grimy, as they generally do, 
with the falling root of the smoke-infected district ; 
but it is long, very long indeed, before they are lichen- 
hung or moss toned and coloured, and still longer, if 
ever, before on and around them the wild flowers 
flourish and the grass grows green, Some of the 
hugest and highest mounds to be seen in the busiest 
of these “black” districts present a twofold axpect : 
part is unnustakubly old, others quite new, as portions 
are being daily added to the heap, as evidenced in the 
still fiercely burning or the glowing red masses which 
have been but recently thrown down, Those mounds 
are the heaps of slag, one of the “ waste producty " of 
the iron manufacture. They ure a nuisance, and a 
costly one, if for no other reason than for the valu- 
able ground they occupy, und the time expended in 
the compelled labour which they entail in heaping 
them up. But the truth is slowly dawning upon 
men’s minds that, as in tho works of nature God has 
so beneficently and benovolently ordained it that there 
is no such thing as waste, so is it likely, to say the 
least, that the same rule holds good throughout ull 
the works of man, Fur-seeing men of science, duly 
recognising this to be a law, huve patiently worked it 
out in connection with several products which not so 
long ago were known but too well to be “waste” ; 
and which almost universally were considered to be 
for ever doomed to be such. But those “ waste” 
substances, those at one time nuisiunces, have under 
bheir skill beon transfused into valuable products, the 
sources In some instances of onormous wealth. We 
need in proof of this cite but one instance—the 
utilisntion of the tar refuso of the gas works—which 
has long yielded, under the potent power of the 
chemist and the skill of the manufacturer, what are 
really treasures, So in like manner shall we see some 
day, theso huge masses of slag utilised—in a limited 
sense they are being utilised now—many of them done 
away with, and at all events no new ones formed, for 
the reason that the materia) as it is produced will be 
taken, and at once utilised within or near the buildings 
of the iron work itself, The whole subject here inci- 
dentally, yet appropriately, alluded to is one of the 
greatest technical interest. And the writer of this 
paper may le pardoned if, from some practical know- 
ledge of the subject, he is gratitied to learn that in 
connection with The Technical Journal Prize Scheme, 
one of the prizes offered bears on the department of 
technical work known as “The. Utilisation of Wuste 
Substances,” 

Another feature of the dark and dirmal districts of 
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which we write—and one perhaps more s‘riking, though 
in another way, than the mounds we have just referred 
to—are the tower-liko structures which here and 
there rear their huge bulk amid the mingled mass of 
green field, mounds of slag, heaps of black coal refure, 
ruined buildings, disabled furnaces, rotten woodwork, 
and rusty, decaying, and disused machinery which 
make up the mazy and murky medley of the sur- 
rounding scenery. Those tower-like structures tell 
their own tale, and show best at night the purposes 
for which they are erected. For then the flames 
which issue from their tops and the glowing light 
seen through the side openings at tho top—techni- 
cally the “throat” or tunnel-hole by which the 
“charge” is supplied to the interior—ilash the sky 
with a lurid light, which, if not as plensunt to the 
sense of sight as ix that of the pale moon beloved 
by all, gocs fur in another way to make up for its 
absence, and not infrequently to make surrounding 
objects for a large area as distinctly visiblo as when 
she puts forth the full glory of her strength. Only 
the light, though strong, ix not steady; it flushes 
now into an almost vivid brightness, then deadens 
into a dulness which to the uninitiated is puzzling. 
How this comes about, the reader not yet Jearned 
in the “art and mystery” of the making of iron, will 
in due course be informed. But to one technical 
point connected with this feature we desire specially 
here to draw the attention of the reader. The 
observant traveller will notice that the tower-like 
smelting furnaces, though many are of equal or 
nearly oqual dimensions, do not Leleh forth equal 
masses of tluame., Some—and those, indeed, in many 
cases of the largest—yiell very little flame, and that 
blazing forth, not from the mouth of the furnace 
itself, but from tho oritice of a sinull pipe or tube 
by its side, And in this difference between the large 
mass of flame sent into the atmosphere by one fur- 
nace, and the small—in reality su—-mass rent forth 
by another and perhaps larger one, lies the economical 
difference between two modes of working, in one of 
which a valuable body is not, aud another in which it 
is wasted or not used, And if a substance can be 
and is not used, it is of course wasted. Up to a late 
period-— very recent indecd—in the history of the iron 
manufacture, the huge volumes of fluming gases, 
and those at a heat or temperature simply intense 
—many hundreds of degrees—were thrown into the 
atmosphere, serving no useful purpose whatever, At 
last it dawned upon the mind of some one more 
practical than his neighbours that, after all, in every 
furnace—as in that even of a steam-engine boiler-— 
where coal or coke was consumed, a large part of its 
heating power was due to the flames and heated gases 
passing over surfaces in connection with the work which 
the furnace had to do, as in the case of the flues and 
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tubes of a boiler, And seeing this, and that a 
practically limitless supply of intensely heated gases 
and flame was sent into the atmosphere, from the 
tops of our iron blast furnaces or towers, tho idea 
took possession of this observer and thinker-—could 
not those gases nnd volumes of flame be used to do 
the work of coal or coke specially cousumed in fur- 
niwes as, say, for example, in a stoum-enpine boiler 
furnace? When we como in a succeoding chapter to 
deseribo blast furnuco work in the imakinge of iron, 
we shall seo whother it was to a countryman or to 
foreigners that we owe tho proposal, and ultimately 
its practical realisation, to “utilise the waste gases” 
of blast furnaces. Sullice it to sy that steum-engine 
boilers and hot blast stoves, so to say innumerable, 
in connection with our iron works, are “fired” or 
heated without the expenditure of a single ton of 
crude, that ix, ordinary coul or coke, And in many 
workys, after firing all the furnaces the “iron master” 
has at his works by the “ waste ” pases, so culled, thus 
placed at his service, he has after all volumes and 
volumes of these still to rpare. The reader in this 
Will have gained another technical lesson, and another 
exemplification of the important part yet to be played 
by the department of technical work to which we 
have specially alluded—“ The Utilisation of Waste 
Substances,” 

* The Abundance of Coal a Feature of the Chief Iron Dis- 

tricts.—-Technical Points connected with this. 

We have alluded to one feature of those iron dis- 
tricts—namely, the abundance of smoke. It is not to 
the tall tower-like smelting furnaces that this smoke 
is alone dne, They do not now, under improved 
methods of working, belch forth much smoke; practi- 
cally they may be said to produce none—none, at all 
events, When one thinks of tho vast bulk of burning 
fuel they contain, which in England is almost uni- 
versully coke, a smokeless fuel, It ix flame, therefore, 
Which issues from them chiefly. But smoke there 
ix none, in the abundance which has given to one 
famous district, at all events, the but-too- well-deserved 
name of the “ Black Country”; and black enough, in 
Bky ax well as in all the objects of the land itself, it 
truly is, Nosmall portion of this smoke, which darkens 
alike the land and sky, ix, in fact, produead by the 
furnaces of the various appliancex—hereafter to be 
noticed—directly used in connection with the blast or 
iron smelting furnacee, or with the chief work of the 
place. So also by those connected with various trades 
and manufactures ministering to or supported by 
the iron manufucture, which cluster thickset and close 
around the works, But the largest, or if not the 
largest, the steadicst supply of smoke, ix kept up by the 
very numerous “coul maines” or “ pits” of the district. 
The position of these—and in some quarters they 
are exceedingly numerous-- is indicated by another 
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feature in the landscape of the districts of which 
we write. This is the tall triangular framework 
of timber which is crowned by two light wheels or 
pulleys of Jarge diumeter, which at intervals are seen 
revolving, and that in opposite directions, When 
the curious flanking motion of the two wheels is 
xeon aginst the sky, or what stands in the “ Black 
Country’ for it, the initiated know that an empty 
basket is deseending into, while at the same time a 
“basket” or “tub” is ascending from, the “deeps of 
the earth,” Inden to the full with ordinary coal -—to 
which the euphuistie term is applied, with a greater 
degree of truth than distinguishes such designations 
gonerally, “black diamonds.” And priceless diamonds 
they have been and daily are to ux and ours.-more 
so by far than would have been, or would be now, 
loads of Koh-i-noors or of “stars of the world.” Tn 
no direction more yaluahle, or rather, wo should say, 
invaluable, than in that which can he traced with 
ease in districts such as we describe. For if not the 
larger, certainly a large proportion of the coul thus 
raised jn them, is daken direct to the iron works in 
eloxe proximity, 

The Direct Connection of or Combination between the Iron 
and Qoal Supplies the Chief Oauge of the Success and 
Prosperity of the British Iron Trade. 

And it ix to this direct combination of pits of coal 
with mines of iron, or rather ironstone, that wo wish 
here specially to divect the attention of the technical 
render, Kor in’ this eombinntion will be found a 
remarkable exemplifieation of the conneetion which 
exists between, or the interpenctration, so to sny, of 
one class of technical work with another,—a. cone 
neetion or combination which literally is the eause of 
the success of both, This feature will be seen, on 
perusing other papers in this Journal, to exist behind 
branches of trade other than the iron and the coul, 
with which here we havo only to deal. 

Wo are not of those who do not, will not, or who 
ave ashamed to sco in this clase proximity, and in the 
ciroumstances Which brought it about, and by whieh 
its rare, its ossential value to our national prosperity 
was discovered, something more than one of the 
“happy circumstances,” the “Ineky chances,” by which 
some love to account for all things which are marked 
hy fortunate features—men who apparently are 
content to look upon themselves and their lives as but 
little hetter than ag trees flonting down a atreain, the 
aport of its waters, or ag straws tossed to and fro, the 
plaything of the wind. On the contrary, we are of 
those who ure not ashained to confess with grateful 
gratitude that He who rules the universe has with 
benevolence and beneficence, wisely, for purposes of 
His own, created this close proximity of the coal mine 
and the iron mine—a proximity which enables the 
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produce to be made in the largest abundance and on 
the easiest and therefore the cheapest terms. And it is 
to us pleasing to think that those who so confess con- 
stitute the infinitely larger proportion of our people, 
from which como the best men we have, the very bone 
and sinew of our country, rich in the rare gifts of 
probity, industry, ability and skill. We shall presently 
see how and by whom the discovery was made that coal 
so plentiful could be used for the smelting of iron, in 
place of wood or charcoal, so exceedingly scurce; and 
how the discovery, as exemplified in the iron trae, 
forming an essential element in national technical pro- 
gress, turned the at one time fuiling tide of the iron 
manufacture into that full flow which has made it one 
of the powers most potent in making us the prosperous 
people we are, But it is worth while for a moment to 
punse here and reflect upon what is thought so little of 
by many—viz., how utterly dependent this pro-perity 
has been, and is now, upon the close and intimate 
connection which subsists between our different trades 
and manufaclures,—a connection not a whit the less 
close or valuable because some fail to sea it, or 
secing it refuse to learn from it the lessous of rure 
practical business worth which it is so well caleu- 
luted to yield. Without the cont we could not 
have got the lurgo and cheap supplies of the iron 
which the necessities of the times we have lived 
in demanded, Without the stenm engine and the 
powers it gave us we could not have got the coal, 
and without the coal we could not have worked the 
engine—no more than we could have made it without 
the iron. All were connected in the closest way 
one with another, just as we know them still to he 
connected, And not alone with themselves, for the 
chain which bound them together extended itself so 
as to take other branches of trade or manufacture 
Within the boundary of its links, and those again 
others; so that all are united by a band so common 
to all, that tho prosperity of the one depends wholly 
upon that of another, and all upon each. 

Brief Note on the Early Introduction of Iron as a Con- 

atructive Material, with its Technical Suggestions. 

Great obscurity rests over the earliest periods of the 
history of the iron manufacture, of which we know 
but little; and of its origin, or by whom and in what 
country the production of a useful metal by the reduce- 
tion of the ore of iron was first introduced, we know, 
in fact, absolutely nothing. In their anxiety to give 
all the sanction and the privileges of extreme antiquity 
to the manufacture, some writers go back to the very 
earliest of Scripture times as that at which iron was 
used for various purposes, They attribute also to the 
earliest periods of what is generally known as profiue 
history, a knowledge of ita manufacture as applied to 
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THE MACHINE MAKER OR GENERAL 
MACHINIST. 


SPECIAL EXAMPLES OF HIB WORE—ITA LEADING TECH- 
NICAL PRINCIPLES AND DETAILB, 





CHAPTER II, 

Iw our last chapter we stated that the use of metals— 
the new materials——was rendered imperative by the 
introduction of the new machines. For the class 
of machines which the increased and ever-increasing 
demand for clothing fabrics so urged the manufac- 
turers to apply to their work to meet it with a larger 
supply, and which machines have been inventod 
hy ablo men foreseeing the coming requiroments and 
development of “the trade,” were of a totally different 
character, as we have abovo stated, from those simple 
appliances or machines which the machine makers 
had been called upon to construct, These new 
machines had in their essential parts complicated 
and even delicate movements, which could not be 
executed in timber, but demanded materials not only 
more durable, but capable of a finer adjustinent than 
was possible where timber or wood had to be em- 
ployed. 

The Speed at which the New Machines were,worked a Feature 
that demanded a Higher Class of Work from, and Tools to 
be used by, the Machinist. 

And the use of a higher class of material 
wis still more urgently demanded by another chia- 
racteristic of the new machines—namely, the apeed 
at which thoy were designed to work, This new 
fealure was imperatively required ; for u machine, 
however ingenious in its movemonts, and these how- 
ever closely and efticiently imitating the work of 
hand labour, would have been of little, practically 
of no service, if while it did good work, it did no 
more of it than did the hand-workers employed before 
its invention. To get the full benefit of the chunge 
in the modes of manufacture, it was essentin) that 
machinery should not only increase, but increase very 
largely, the amount of production obtainable by hand 
labour only. “Speed” became, then, tho feature of 
the working of the new machines; und thix speed 
increased with each successive period in the experience 
of the new methods of manufacture by them, Nor 
ix the attainment of this speed less aimed at now. 
Kach new invention—and the inventions in textile 
machinery are yet, notwithstanding the enormous 
number hitherto produced, to be counted annually 
by hundreds—aims not only at doing better work, 
but doing more and more of it in a given tite, and 
with a given outlay. And nothing would surprise 
early inventors more, could they return to the seene 
of their former labours, than to witness the enormous 
speed at which textile machines now work. 

But this speed, as well as the employment of a higher 
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class of materials,demanded a higher class of mechanical 
work—for accurney of adjustment was absolutely re- 
quired. Machine makors were not long, therefore, in 
seeing that all the demands made upon their skill 
could only be met by the establishment of a totally 
difforent system of workshop practice, And the first 
thing which this system required was machine tools, 
These held precisely the samo relation to the handi- 
ernft work, then universal, by which mnchinery was 
made, as the now textile machines held with reference 
to the hand Inbour of the cotton workers which they 
were designed to, and aetaully in time did, supersede, 
Onco this new dopartment of mnachine-tool designing 
and making was entered upon, it gave rise not only 
to 0 class of machinos used for various trade purposes, 
though specially and at first almost exclusively confined 
to textile machine work—but to a special branch of 
trade which ix now second to nono, either for the 
variety of its work, or for examples of the highest ability 
in mechanic design and the greatest skill in construe- 
tion, Tho roll of the names of those who have made 
machine making what it is, ix Ko wide, and eompres 
honds so many distinguished names, that we enunot 
tind space for oven the briefest and baldest list, Oppor- 
tunity may in the course of our papers be given us 


of incidentally, if not fully and in a wystemutie way, 


recording the names and taking a brief glanee at tho 
work done by at least the leading men who in the 
eurly days of “the trade,” and thoso which more 
nearly approach our own times, gave by their 
mechanical genius, and by a perseverance and dili- 
genco which overeame all obstacles, that impress of 
practical value to the work of machine muking which 
has made it one of the most. striking of the many 
developments of man’s skill aud ability with which 
we ure everywhere surrounded, 

Early History of Machine Making of Great and Suggestive 

Interest to the Practical Reader. 

A carefully elaborated and more or less exhaustive 
history of the work of “Tho Muchinist,” from the 
earliest times when it begun to be a power up till the 
present day, would be not merely intensely interesting 
asm record of one of the most important chapters in 
the history of the civilization of the human race, and 
specially valuable as illustrative of those peculiar 
characteristics of the Anglo-Suxon race; but it would 
possess a. direct and great value to the young machinist, 
as abounding in practical suggestions and lessons 
culculated to be of the yrentost service to him in his 
technical education and his daily work, This ex- 
haustive review of the past circumstances of the work 
of the machinist is obviously beyond the range and 
limits of the present series of papers; aa it would 
tuke those of a portly volume or two to do even but 
fair justice to its many features. Prevented, then, 
by the circumstances of our publication from taking 
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up this field and treating it exhaustively, we cannot 
however pass by some of ita departmenta—and this in 
the direct interests of the technical reader. For while 
those interests demand at our hand illustrations and 
descriptions of the leading machines of the machinist, 
and of the machine tools by the aid of which he makes 
them, in the perfection of movements we every day 
see in them; another in many respects higher and in 
some sense the highest interect demands that we should 
point out a few, if not ‘all of the leading character- 
istics of his work, and those principles which alone 
enable him to give to it its widest development and 
its highest value. To do this with such degree of 
completeness as our space will admit of, necessitates 
a glance at some of the features of the trade which, 
although in one sense historical, are nevertheless the 
vehicles, so to say, of a vast deal that is practical— 
while o fuller nnd a wider glance at other points will 
enable us to give such counsel to the young machinist 
as may be of essential service to him, not only in the 
study of the principles, but in the practical details 
of his daily work. Having followed us through this 
essentially useful part of our series of papers, the 
technical reader will then be ready to go with us 
while we pass in review the leading machine tools 
and mechanical appliances with which “The General 

Machinist” does his work. 
Definition of the Term ‘General Machinist” in relation to 

our Series of Papers. 

The trade name here piven, and whieh is also 
the leading point in the title to om papers, may for 
their purposes be defined asx that which concerns 
itself with the making of every class of muchinery 
and all varicties of mechanical applinneos which sre 
roquired by tho different and numerous manufactures 
and trades and the varied brauches of commercial 
work carried on throughout the kingdom, This 
definition is no doubt wide, for it may embrace the 
work of a specinlist, such ux au mechanic who devotes 
himself to locomotive making, or one who concerns 
himself only with marine steam engines or with 
hydraulic machines —for all theso use the sume 
mechanical aids in construction. Still it is, and may 
he for the purposes we have in view, limited in the 
way we have named. And this may be said to be the 
populur view, as the amex given in the title to our 
paper aro understood generally ax being negative at 
lonst in their import, so that when one talks of a 
machine maker or general machinist, it is at least 
known that he is not a specialist such as a locomotive 
or marine engine maker, ete, ete, ete. 

In the pursuit of his culling the machine maker 
enlla in cortain mechanical aids to help him to work 
up his materinls into the form of the mechanical 
appliance or machine he is called upon to make, 
These mechanical aids range themselves into two 
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great classes—-hand tools and machine tools, These 
are capable of doing every class of that work to which 
by common consent the term mechanical is applied, 
Of these two classes the last named is the most impor. 
tant,—if in no other way, at least as displaying the 
highest class of mechanical characteristics, Although in 
saying this it by no means derogates from the position 
ocoupied by hand tools, which will always and of 
necessity occupy @ position which, go far as we can 
see, will not be taken up in another way—and this 
notwithstanding all that has been done in substituting 
machine—that is, power-driven machine—labour for 
manual or handicraft work, 


Bome Considerations connected with Tools and Machine Tools 
by which they are Made, and their almost Complete 
Absence in the Workshops of the Early Machinists, 

Taking wochinery considered as a whole, as em- 
bracing all the wide variety known as textile, fictile, 
motive powers, and the like, the youthful technical 
reader is apt to overlook the importance of those 
mechanical appliances and those very machine tools 
above alluded to, by which alone all machinery is 
constructed. A little consideration, however, will 
show him that no great advance could be made in tho 
construction of machinery in general till the means 
oxisted in some form or another by which the mochanic 
could make his mere animal strength and dexterity 
availuble in giving form and working capacity to the 
products of his mechanical dosign. The records of 
mechanical history afford, indeed, a most interesting 
and, in many of its aspects, a really practically sug- 
gestive field of retrospective inquiry, in the examples 
which they give of the difficulties which beset inventors 
of machines in connection with the point we are now 
adverting to, We have, indeed, been greatly struck 
with the almost pathetic interest thrown around the 
records of what they had to encounter in getting 
their designs put into 4 working shape. And this 
not so much on account of the ditticulties attendant 
upon the materinls which they had at command, as 
from the, in some cases, almoxt wholly insuperable 
ditliculties they had in getting these materiuls worked 
into the forms demanded by the nature and mechanical 
character of their inventions, In working up these 
forms and purts, handicraft skill was, even in com- 
paratively recent times, almost wholly unaided by 
tools, and while thoso were of the simplest, and in 
make” of the rudest, the help obtainable from what 
ave now known as machine tools was not within the 
reach of the early machinists, for the best of all 
reasons—-nimely, that machine tools had at the period 
we are alluding to no existence. The only two our 
earlier machinists had was the foot-lathe and the 
boring brace, and those two so rude and rough, alike 
in form and in construction, that all that can be said 
of them is that they contained but little more than 
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the elements of the modern turning and boring 
machines, of which almost every mechanic's shop, 
however small and insignificant, has now excellent 
examples, capable of turning out a great variety 
of mechanical work. The working mechanic of the 
present day gives, we fear, but little thought to the 
truth that if he were not provided with the wide range 
of toola and machine tools which is met with in every 
well-appointed workshop, he could not possibly turn 
out the machinery and the engineering work of 
various kinds, of which he is proud, and justly proud, 
as being what it really is—the finest and highest class 
work of the kind which tho world produces, And it 
would do those good who are somewhat disposed to 
grumble at what they call their difficulties in doing 
work, if they could but know what the early inventors 
of machinery had to encounter in gotting their 
machines made, and what alxo the machinists or 
handiernftsmen had themselves to meet and often 
found wholly to baffle them in their attempts to earry 
out the wishes of those who employed them. Unfor- 
tunately, the records of the carly diffienlties which 
surrounded alike the inventors of machines and the 
machinists who hnd to inake them, are exceedingly 
fewin number and very moagroe in details. And this 
is, for us, who have entered into tho rich legacies of 
work done and ditticultios overcome which they havo 
loft us, a matter to be greutly regretted; for, as we 
have snid, such records are interesting chiefly because 
they are practically suggestive, For it is in every way 
worthy to be remembered, that the lexxons derived 
from failures are frequently not of less, but of much 
greater, value than those to be obtained from sniecesses 
in mechanical work, We shinll have occasion to illus- 
trate this in more than one instance, when we come 
to consider certain departments of the present series 
of papers. 

What, however, we wish hore to impress the young 
technical reader with is this: That before the fine 
examples of machinery to be met with in every branch 
of industrial work, and in the various forms of prime 
movere—such as the factory steum engine, the railway 
locomotive, and the marine engine in their varied 
forms—were possible achievements, the curly machinists 
had not only to devise or design machine tools, but 
to make them (and those of necessity had to work 
with precision and uccuracy) before they could give to 
the parts of the machines they made, or helped the 
machinist to make, those characteristics of precise 
accuracy which have made our machines the marvel- 
lous examples of mechanical construction we know 
and see them everywhere around us, to be. And as 
forming not merely a good mental exercise, but as 
bringing up some singularly curious and suggestive 
practical facts in the way of mechanical work, we 
would recommend the young mechanie to consider 
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what the problem really was which the machinists of 
early times had to solve, and what must have been 
the difficulties in the way of its solution. This pro- 
blem, on which the work of the future actually 
depended, may be stated crudely thua: to make tools 
and machine toola of precision, when the only tools 
available to mike them wore so far from being preciso 
themselves, that they were not only rough in make 
but rude in design. In following this up, and in 
attempting montully to work it out, wo venture to 
believe that the young mechanic will have some 
curious considerations suggested to him, which will 
help him to estimate, at some part at least of its high 
value, the indebtedness of modern innchinista to their 
early predecessors. 

Practical Points connected with the Establishment of Machine 

Making as a Branch of Technical Industry. 

In following up the purposes of tho present: series 
of papers, we have, as practicnlly introductory to the 
details we have yet to give of mechanical work and 
the parts of whieh this is composed, to phwe before 
the reader sundry points connected with the history 
of mechanical progress, And those follow up and 
specially Dlustrate what wo have said above as to the 
importance of the work done by the earlier machinists 
in introducing into daily use the tools and machine 
tools by which alone the fine extuples of imodern 
machinery everywhere now mot with could be made. 
The opinion ds held pretty generally, even by many in 
the meehanion) world whose information ought to be 
more precise amd aceurmioe than itis, that modern 
mechanism, no anadter ti what direction it dous its 
work, owes its ¢xisteneo inatnly to the dabours of 
scientific men, In other words, that the practice of 
the mechanic ix not only based upon theory, Dut 
that all the details of dis labour in the workshop 
have their origin in, or have heen sugyested by, the 
theorist in his closet and oat his desk. That all 
machinery works under the operation of, and must be 
designed in accordance with, the natural laws whieh 
cannot be set aside, and which rule all the pheno- 
mena of work of all kinds and varieties, is whut of 
course no one disputes, Neither will it be denied 
{hut a machinist may construct a machine which 
throughout its movements is an illustration of and 
is dependent upon certain natural Jaws, and yet that 
the mechanic ‘may be quite unable to explain, not 
only what those Jaws are, but how the machine 
takes, so to say, advantage of and makes them sub- 
acrvient to its purposes, Nay, the mechanic may 
have thus done work, and indeed the best work of 
its kind, by the aid of the machine he himself has 
not only made but invented, and yet be ignorant 
of and he surprised to be told of the fuct, that it 
depends for its existence upon a natural luw, or upon 
laws, 
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Hig STUDY AND THE DETAILS OF ITS PRACTICE, CMIEFLY 
IN ReLATION TO TECHNICAL WORK IN MANUPAO- 
TURING DESIGN, 

CHAPTER III. 

Tar studont will, we hope, from what was said in 

the preceding chapter, seo the importance of drawing 

straight lines, as the examples which follow from 
figs. 7 to 17 are illustrations of the application of 
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the Greeks; the Japanese and Chinese also use it. 
The Greeks used it in a very elaborate way, as will 
be seon in the accompanying figures, 10, 11, 12 and 
13. The fret in fig. 9 is wholly made up of straight 
lines vertically disposed. The fret in fig. 13 is more 
elaborate, and introduces a new feature-—namely, the 
panel—as ut a a a, The pupil will observe that in 
some of the ornamental arrangements the lines are 
vertical and horizontal, whilst in others they are 


Fig. 7, 








Fig. 
Fig. 7, 
mode of representing 
wator, and this figure is used ata more acute angle 
in decornting the columns and capitals of their 
temples, and later it was used for the same purpose 


this class of lines to ornamental purposes, 


x ” 


the zigzag, is the “ Bgyptian 


by the Greeks, All these applications will be ported 
out in their proper places. 
Examples of Straight-lined Figures . Elements of Ornamenta. 
tion or Artistic Decoration. 
Fig. 8 is a simple fret or labyrinth ; this ornament 
is used in most antique styles by the Egyptians and 


te a fi oe, ee eee 





10. 

oblique, Should the student extend his studies into 
the history of ornamental art, he will find there a 
nine of interesting information ; and using the term 
wit in the sense in which Burns uses it, we can assure 
him 

“There's wit there, ye'll get there, 
You'll find nac ither where.” 

Bearing this fact in mind, and for example that the 
history and habits of the Egyptians are written in 
their arts, one can see in their picture-writing a 
history more clearly shown than words could explain. 


In figs. 10, 11 and 12 the pupil will observe that 
in the frets there illustrated the lines are at right 
angles, as the linea 6 to b¢ordectoe f But in 
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Draughteman. 
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Fig. 11. 
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Importance of Straight-line Drawing to the Ornamental 


And now we have gone with the pupil through these 





figs, 14, 15 and 
16 the lines are 
oblique, and in 
fig. 17 the lines 
cross. Thexo 
frets, in ancient 
or classical art, 
ure asa rule met 
with as a painted 
decoration ; it is 
only exception- 
ally that they 
are used in cut 
or sculptured 
forms. The frets 


are used aS an ornament in all antique styles, but 
those we have given are from theGroek. The Chinese 
use the frets as an ornament very extensively in their 


bamboo or cane work. 








Fig, 12 
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Fig. 13. 


inost Important 
subjects, The 
curly ones may 
be said to be the 
exscntind, as they 
forin the 
of the practice 
of ornamental 
drawing; but 
in nnother sense 
the = kucceeding 
drawings ure es- 
sential also, for 
they constitute 
the basis of orna- 


hiss 


mental art, distinguished from what may be, and is 
correctly enough, termed pictorial art. And thix work 
we have done, we trust, with a fair degree of honest 


and earnest cndeavour to do it satisfactorily—that is, 
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usefully to the pupil. He has had the purpose of 
those drawings laid before him, and their character- 
istics explained. With some little interest in his 
Buccess, wo have put before him the inducements for 
studying their peculiarities, and have not concealed 
from him tho fact that those difficulties are consider- 
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student here and there begins to play with shade and 
colour, and sneers at stories about Prout’s straight line 
or Giotto’s circle. Nothing will then satisfy him but 
wonderful effects in chtarosouro, or glaring “ Venices” 
with impossible skies, Naples yellow and purple-red 
buildings, and golden boats on emerald-green waters, 
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able, For it is certain that the inen who have the 
power to draw a straight line with absolute accuracy 
are, likey the proverbial angels’ visits, “few and 
far between.” Many artists aro woefully deficient 
in this direction, Line-drawing is not attended to 
with one-half of the assiduity that it should be. A 


ete, ete. Tho youngster may, perhaps, by some good 
picce of fortune, at last fiud out his foolishness and 
error, and the only possibility of artistic salvation for 
him is a return to such work as this—namely, the 
figures now before him. 
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THE CABINET MAKER. 
THE TiCHNICAL DETAILS, AND THE PRINCIPLES AFFECTING 
; THE DESIGN OF HIs WORK. 





CHAPTER I. 
Introductory——Names of Technical Trades do not always give an 
Index to the Nature of the Work or the Materials employed. 
In glancing at a list of the names by which the various 
branches of our industrial callings are distinguished, 
one poculiarity is noticeable. The names do not always 
indicate the materials which are employed by the 
various workers, so as to give a direct clue to what 
their work actually is, Some, on the contrary, are 
distinguished by names which at once tell us what 
their work is, and sometimes the specific material 
employed or chiefly employed in it. Of theo first cluss 
wo may cite as instances the trades of the joiner and 
the curpenter. Tho first of these names conveys not 
even the faintest conception of what the trade actually 
concerns itself with, The term “join” is by all, of 
course, understood; but it might bo applied to the 
joining together of any materials, or of more matortis, 
however diverse in character, than one. There is 
nothing in the name to convey definitely an idea of 
what the work of the joiner really is—this being 
simply the working up of timber into the various 
forms and fittings required in the interior (chiefly) 
of our domestic and public buildings. And it is 
probably from the circumstance that on the aceuracy 
of the joints by which the picces are held togethor 
the perfection of the work has been estimated, 
that the term joinery has been selected to designate 
this special class of work, as if to indicate that unless 
the joints were well made the work would be worth- 
less, But it is obvious that the term or name might 
be given per se—thut is, by itself, simply—to a worker 
in iron, or a machinist, both of which trades have a 
great deal to do with joinery; in fact, their work 
actually is the formation of structures by the joining 
of one part to another till the whole is completed, 
And in this sense, strictly taken, almost any of the 
constructive or mechanienl trades might be culled 
joinery with as much accuracy ox In its usual designn- 
tion, ifat the same time, to give a definite meaning, the 
material the trade used was added, such as a joiner 

of metul, joiner of wood, of stone, etc. 

Of course, by Jong usage, and us it were a species 
of traditional descent, every one knows what is meant 
when we xpeak or write of the trade of a joiner, just 
us every one knows what the special work of a car- 
penter is; although, so far as the names or words 
themselves ure concerned, they give no clue whatever 
aa to the precise character of the work, Thus, a 
person who had no traditional knowledge to fall buck 
upon, who had not been accustomed to hear on all 
sides what such callings really were, and what the 
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character of their work was, would never gathor from 
the mere trade name of “joiner” that his work was 
such as we have above described it to be, any more 
than he could from the name “carpenter” the fact 
that his occupution was the formation of parts of 
timber structures out of large pieces of wood, just as 
that of the joiner was the using of wood in small or 
comparatively small piceer (see the pnpors entitled: 
“The Joiner” and “The Carpenter), The same 
indefiniteness is met with in the word masonry, and 
it is only—as ia very ustal—when tho special trade is 
designated, as thut of the stono mason, that we know 
that stone is the material with which he deals, and 
the shaping, cntting, and “ joining” of separate piccer 
or blocks of which he forms his various structures the 
special work, | 

The Names or Designations of Some Trades give at once an 


Index to the Nature of the Work done and the Materials 
employed. 


Other trades, howevor, thero are about which there 
evn be no doubt as to what the special character of 
their work is, Thus tho names of Painter, Plasteror, 
Cotton Spinner, Cloth Weaver, Machine Maker or 
Machinist, Gas Makor, indiente ut once what the 
work of the trades is, and give clues more or legs 
direct and specific as to the innterials they use. If 
the reader will think over the point here named, 
he will pereeive that thore is more in it than appoars 
at first sight, and that nomenclature is or should 
not be vn mere dead thing, Int one of vitality, exor- 
¢ising an influence, when rightly applied, for goad. 
If it bo true, as some philologista—and we confoss 
with grout trath-..muintain, that) the morale of a 
people is largely indicated by the tegns, tho phrases 
and the proverbs of its daily life, it is diffieult to 
escape from the conclusion that there is something 
indicative of the practical tendencies of a people in the 
numes by which they designate their various ocenpa- 
tions, If prociso definition of scientific terms, or of the 
muterialy employed in the arta bo—as it is universally 
acknowledged to be — of great importance, it cun 
seurcely be denied that some importance at Joust is 
altached, or should bo attached, to the mere nomen- 
elature of our technical callings, It is at least a 
satisfactory—and to the mind appears to be a fitting 
thing—when the name we employ conveys as directly 
as possible what in reality is its chief, if it be not ita 
only characteristic, 

Technical Lessons derived from the Names of Trades —Cabinet 
Making. 

The last-named point to some may seem to bo a 
matter of indifference, but to those who are not 
content to skim over the surface of a subject, it 
will be found to be the reverse of this, and to carry 
with it something practical in its application to the 
work and the purposes of daily life. Precision of 
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expression is surely more solidly satisfactory than 
vagueness, and matters are not mended, but are 
worse, when not only is precision sacrificed, but a 
wrong impression is conveyed as to what the work 
actually is; leading to the belief that it is only one 
thing which is meant in place of a variety of things, 
Very much in this way does the term ‘“Oabinet 
Making” operate. The meaning of the term cabinet 
is pretty generally understood when reference is 
made to the fittinga of our houses, but the term 
cabinet maker does not apply solely to a workman 
who makes cabinets and cabinets only. True, he 
does make these articles of interior fittings, but it 
is well understood by all that he makes something 
more. In point of fact, the cabinet maker, as the 
term is now universully understood, is one who makes 
those interior fittings for our buildings which go under 
the name of furniture, And although other trades 
have and require thoir furnishings or furniture, as 
the actunl phraso is—for exnmple, tho “door furni- 
ture” of the joiner, as locka, hinges, escutcheons 
und finger platos—the term is generally accopted as 
indicating only the interior fittings or furnishing 
of our domestic buildings, Properly speaking, theso 
interior fittings are of two clusses of work—namely, 
of the joiner and of the cabinct maker—but the 
work of the joiner is confined to the fittings, such 
ug architraves to doors and windows, skirting boards, 
doors and windows which are fixed in position, and 
form, so to say, integral parts of the structure or 
building ; wherens the interior fittings of the eabinet 
maker are aj] movable or capable of being changed 
in position as desired, 


The Work of the Cabinet Maker comprehensive in its Character. 
The work of the cabinet: maker being then, as wo 
see and all generally know, of a more comprehensive 
character than that concerned solely in the making of 
cabinets—embracing wl) the parts which constitute 
what we call domestic furniture, as well as the classes 
of ecclesinstical furniture, etc., etc.—a more precise und 
definite name for the trade would have been “furniture 
inaker,” No doubt this has in reality been employed, 
and is still employed by many, But, arising no doubt, 
as we suspect, from « notion that there is something— 
no matter what—derogatory or undignified in this 
the plainer and more definite term, as it is apt to 
be confounded with the more humble occupation of 4 
furniture dealer, this name furniture maker is generally 
disused, and what appears to be the finer phrase cabinet 
maker is employed. 
Buggestive Character of the Early History of Furniture 
Making. 
It is something more than interesting—it is often 
suggestive of something practical—to trace the his- 
tory of an art or the progress of an industrial 
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calling. And if we do this in the case of furniture 
waking we find some explanation as to how the 
term cabinet making came to be applied to the art, 
Furniture strictly so called, as indicating the interior 
fittings of our rooms, is divisible into two great 
classes—first, those pieces which are required to be 
moved more or leas frequently, as tables, chairs, and 
couches or sofas ; and second, those which, once placed 
in the desired position, are kept there. Although 
furniture fittings are in the strict sense of the term 
movable, as contrasted with the fittings of the joiner, 
which are fixed, this mobility is thus seen to be 
relative only—one part of furniture being fixed, as 
a rule, the other part capable of being shifted from 
one position to another. In the middle ages, that 
period in which the furniture of houses occupied a 
distinguished position, and engaged the services of 
the firat artists and the most skilful workmen, its 
distinguishing feature lay in the cabinets, the great 
chests or coffers, or the presses. Upon these, dis- 
tinguished as they were from their prominent size, all 
tho ability of the artist, all the skill of the workman, 
was lavished. And as this class of furniture required 
of necessity the greatest care in its construction, it 
would in time come to be looked upon as what may 
be called the test work of the artificor. So that if he 
could construct——all the better if he could also design— 
a fine cabinet, he would as a consequence be able to make 
the lesser pieces of the furniture of apartments; and 
aa the greater includes the less, he would come to be 
termed a cabinet maker—just as if the term cabinet 
making included all the lesser work of interior finish- 
ing. Furniture in the widest acceptation of the term, 
while it is casontial as ministering to the comfort 
and to the conveniences of daily life, may bo made 
also to conduce largely to its intellectual ploasures, 
While useful it may be beautiful. And when once 
a more healthy, becuuso a more correct idea of what 
the beautiful truly is, and what the high office which 
it fulfils, becomes a part of our intellectual and we 
may sny moral education, it is beyond a doubt that 
the furniture of our houses will be looked upon in a 
greatly different light from what now generally, we 
muy say universally, it is. We shall then have our 
furniture beautiful as well as convenient, 
Furniture: its Oharacteristics; and some Points in relation 
thereto.—Beauty and Utility, both frequently sacrificed 


for the Sake of Cheap Work, and sometimes not at all 
considered. 


To those, however, who have got the notion that 
our furniture is beautiful because it is pretentious, 
or to some who take even a lower view of the matter, 
and decide that it must be beautiful aud good because 
it is costly, what is said at the end of the preceding 
paragraph must appear a strange, if not a startling 
conclusion to arrive at. Judged by an artistic or 
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wathetic standard by no menns high, this is the only 
conclusion one can como to who honestly looks at 
furniture as it now pretty generally is, and frankly 
states his opinion of it. For when judged by the 
higher standards of artistic benuty, too much of 
our modern furniture is seen to occupy a position 
but little removed from the utterly barbarous in art. 
Those who may he disposed to doubt, indoed flatly 
to deny this, have but to examine the records at once 
documentary or written respecting more artistic furni- 
ture, or better still, the specimens which fortunately 
have been handed down to us as ocular evidence of 
what furniture was in times long gone by. It is 
not that money is now grudged by those who possess 
it, it is in other ways, and even in point of fact in 
this department, expended as lavishly as it is expended 
with little or no true artistic satisfaction. Nor is it 
that those who possess meuns are unwilling to have 
really beautiful surroundings in their houses, The 
truth would seem rather to lie in this direction: that, 
however desirous they may be to get beautiful furni- 
ture, it cannot always be hid, for it is not now often 
made. To this, according to our highest authorities, 
the exceptions are Jamentably few; and even where 
exceptions exist, they at their best fall far below the 
magnificent work of bygone times, At the same time it 
is only right to say that thoxe who have abundanco of 
money have not always an cquul supply of tuate or a 
kuowledge of what constitutes the truly beautiful, 
And if those had this, it is obvious that they would 
possess a great power in bringing about a higher 
and more sutisfactory state of things in regard to 
furniture, For of this they may rest assured: that 
if they refused to have, no mutter what it was 
which tradesmen offered them in the way of furni- 
ture, and would pay only for what they knew to bo of 
a higher class of beauty, the tradesmen would very 
soon make an effort to meet the wants of their 
customers. They are but too glad to find a market 
for their goods; and if these be fulse in taste, 
meretricious in design, the fuult lies very inuch 
with the public, whose taste—if the term be here 
permissible—is fulse, so that they will have whut. 
they believe to be beautiful, but which all rules of 
art too easily prove to be the reverse, or anything 
but beautiful, 

But, us we have said, it is not so much a mutter of 
money. For it may be accepted as a truth, certainly 
in connection with furniture, that the same cost 
of labour and material will give in one case an 
article truly beautiful, in another one positively the 
reverse. And this, be it observed, does not apply to 
simple objects of comparatively small cost,—it applies 
with equal force to the most lavishly ornamented 
and the most expensively constructed articles of 
furniture. With some, indeed, it seems to be a 
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settled thing that if you only put Inbour and material 
upon a piece of furniture it must bo beautiful. Hence 
the monstrosities we see sometimes, in which costly 
construction, expensive carving, and “no end of 
ornament,” gilding, and the like, strive, so to say, 
to be the most obtrusive—giving as a result objects 
which a man of cultivated taate would not have at 
any price, to which on no terms would he give, ax 
the phrase is, “ house room,” 

Lack of Ability to Design, rather than that of Skill to Con- 


struct, frequently shown in the Work of the Cabinet 
Maker. 


If this bo true—and it will, we take it, be some- 
what difficult to refute—it would appear that what is 
wanted is not s@ much skill to construct os ability 
to design. Of the skill to construct in the best 
possible way there is no lack amongat our workmen, 
provided they be paid for it, and pnid well—for 1 
dissatistied workman is rarely a good one; provided 
also,—for there are two sides to this barguin,--that 
being well paid, the workman who can work is so 
honest, and takes such high pride in his ealing-- 
which is the only guarantee for good work—that he 
will give the very best ho is capable of, But if good 
work can be had eusily enough, and ean certainly be 
incrensed to meot any demand (for merely mechanical 
skill is by no means so rare as some seom to think), 
the same cannot be said of good design. The shortest 
way to excellence would of course be to gain the com- 
bination so common in the too much despised middle 
ages, when the workman was almost always an artist. 
Failing thix, the next bost thing to aim at is to get 
good designers, Good workmen to carry out those 
designs would, us we have said, be got. with compara- 
tive ene, for of a given number of artisans by far 
the largest number will be found who are capable of 
being educated or trained to be clever and skilful 
constructors with whom nothing could be done 
worth the result of the Jnbour bestowed in the way 
of making them designers, 

Improvement in the Work of the Cabinet Maker. 

While, however, making such strietures as we have 
deemed it right to imake on the position which, as a 
rule, furniture as an art mnanufacture occupies at tho 
present time, and while asserting what we dive, with 
but little fear of having our assertions proved to be 
wrong, if fucts as they exist uround ws, and which 
aan be gathered from the houses of the great majority 
of the people, be appealed to as the only rouree of 
fucts, we at the same time are far from denying that 
Luprovement is now being mide, We are, on the 
contrary, only too glad to adinit: Ghitt il is po, und to 
point with pleasure to the fret that if is something 
more than merely at the first point of initintion. 
The improvement made within the last few yeurs in 
beyond doubt something more than merely tentative 
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or initiatory, It has in some quarters made large 
advances, and a very much higher and healthier tone 
exists, and amongst a very much wider class, than 
existed even so short a period ag ten, or say a dozen 
yoars ago, To quote the words of ono who himeclf 
has done as much a3 any one in this particular branch 
of manufacture to raive it to that position in which 
it is worthy of having the prefix of “art” attached 
to it, “That advanco has certainly beon made; a ree 
action from ugliness to beauty has touched at lenst 
rome part of the people who live among civilizations 
and in what we technically call tho decorative arts 
This new renaissance has been helped in this country 
by many agencies, not least among which has been the 
steudy endeavour on the part of the Department of 
Science and Art tospread artistic education among the 
public in general.” And the result of this, so far as the 
branch of art manufacture of furniture is conecrned, is 
—igain to quote the words of the sume authority—such 
“that any one can now find in shops all over the 
country goods at commonplace prices, which both are 
intended to be and are beautiful, and more or less 
marked by artistic individuality ; that, in short, any 
one who chooses can make the interior of his house 
comely and pleasant without an unreasonable expendis 
ture of time and trouble.” But we should be taking 
but a low estimate of the duty we owe to our readers, 
and paying but poor allogianco to the cnuse of the 
development of artistic taste amongst all classes of 
society, if, while fully admitting the truth of what 
tho authority wo have quoted suys as to the choice 
open to all to have now furniture of higher clans to 
beauty than was possible to them but a few years ago, 
we failed to point out that the ainisfortune of the 
thing ix that the great majority of the purehusing 
public do wot choose to “make the interior of their 
houses comely and pleasant.” And this nob beeuse 
they are absolutely unwilling to do xo, or aro indifferent 
vither ta comeliness or pleasantness, but simply from 
the fuct that their artistie taste is so poorly developed. 
Or, to put it moro truly co far as a vast proportion of 
the public is concerned, it has no existence, so that 
they do not actually know how comeliness and pleas- 
antnesx, in so far as those are dependent upon and 
created by the benutiful, are constituted, and upon 
what principles they depend. 

Artistio Taste requires Development before Beauty in Farni- 

ture can be understood or appreciated. 

The above may seem to some of our renders a very 
harsh decision to arrive at; but we appeal with all 
confidence, in proof that it is but too true, not merely 
to the opinions of those who are in every way quali- 
fied to give it, but what is better, as it will be more 
convincing, to the facts and circumstances of every- 
day life by which we are surrounded. No doubt those 
who possess these “ surroundings” may well say, as 
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many no doubt would if appealed to, that they are 
perfectly well satisfied with them, that in their estima- 
tion they are comely and ploasant—in short, in their 
eyes beautiful. This, however, is but, as it were, Carsar 
appenling to Cresar, and he who makes the law is likely 
to think well of it, But the point is not whether 
whut they deem to be benutiful, as being comely and 
pleusunt, constitutes the beautiful in reality, but 
whether their conceptions are based upon the prin- 
ciples which, according to authority beyond ull dis- 
pute, guide, dictate, and crente the truly beautifal. 
And tested thus, there is but one conclusion open to 
us—namely, that the opinion we have above stated is 
simply the true one, and that the great majority of 
tho purchasing public do not choose to avail themselves 
of such sourees of obtaining furniture “ comely” and 
“pleasunt,” and in so far therefore “ beautiful,” now 
open to them, and this because their artistic taste is so 
little developed that they have even at the best but a 
faint conception of what really does constitute the differ- 
enco between that which is and which is not beautiful. 
Wide Lack of a Taste for Decorative Art amongst the General 
Public. 

But while this is true, it is true also, and unfortu- 
muoly for art, that another and a vory large, perhaps 
still largor section of the purchasing public, do not 
choose the comely and the pleasant, simply because 
they do not think that any choice ia at all necessary. 
They simply buy what their neighboura buy, or buy 
with as much exercise of thought of their own in the 
one case ag in the other, what the makor or dealer 
chooses to provide for them, And it is scarcely 
necessary to sny that but too many makers and doulera 
purposely, if thoughtlessly, do provide what is neither 
comely nor pleasant. We corroborate this assertion, 
mado with all due consideration, by the opinion of 
the high authority we have alreudy quoted; and we 
do so innsmuch as, whatever some of our rounders 
may think, the majority will join with us in be- 
lieving that the whole question is one so fraught 


with practical importance of the highest kind that its 


consideration must not, should not in the true interests 
of the reader, be passed lightly over. For in truth 
the art education of a people is no light matter, and 
lies very much nearer to the heart of our social and 
moril progress than some wot of. What, then, says 
our authority on the point we have above given 
expression to? While gladly admitting the great 
improvement made in the art manufacture of fur- 
niture during the last twenty-five yeara, he goes on 
to say, “I am afraid I must admit that the general 
public are not touched at all” (we purposely italicise 
these pregnant words) “ by any interest for decorative 
art; a few of the upper and middle classes only have 
as mtich os heard that there is such a thing as decora- 
tive, which should be popular, art.” 
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THE STONE MASON AS A TECHNICAL WORKER. 


THE [TRINCIPLES AND PRACTICE OF, AND THE 
MATERIALS HE EMPLOYS IN, HIS WORE, 





CHAPTER II. 
Ashlay-built Walling—-Dimensions and Proportion of Stones. 
Ix this all the stones are blocky of considerable 
dimensions; the least thickness or depth—reckoned 
vertically as the atone lies in bed or in the course— 
being twelve inches. The stones for the best class 
of work should be carefully proportioned, the length, 
depth, and breadth having what is called a harmonious 
relation to each other, and the breadth, as a 8, fig. 11, 
or length from front face ¢ a to back face } d, never loss 
than the depth or thickness of the block, asac. If 
the length, na a e or bd, fig, 11, be from twico to thrice 
the depth or thickness of the block, us ¢8 ora ¢, or 





Fig. 11, 


two und vw half times, and the width or breadth, us ed 
or @ b, twiee or double the depth or thickness, ¢ @ or 
ae, the block may be looked upon as well propor. 
tioned, or having its surfaces in harmonious relation 
to ouch other, 

False Ashlar—Defective Forms of Stones. 

It is very defective ashlar work, and always gives 
unsound or unstable results proportionate to the 
extent to which the bad system is carried out, to have 
the block cut so that the length of the back face, as 
J 9 fig, 11, is Jess than that of the front fuce, as ht, 
This work is but a shade removed from that utterly 
bad aystem of cutting an ashlar block when there 
is a certain depth of the block cut square in all 
directions, giving only in reality a narrow rectangle 
or parallelogram of the proper dimensions, as shown 
by the dotted line 7 &, in place of the full and proper 
rectangle of upper face shown by the dotted lines j, &, 
l,m. This is falee achlar, and is in reality a block of 
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rough or random rubble with merely a false face, as 

at 74; and is well entitled or classed as veneered or 

“sham” ushlar, Blocks ao cut will give still worse 

work in the wall in which they are used if in place 

of having tho depth at buck, as gn, the same as the 
depth at front, 7 0, it is less, asat yp, With stones cut 

as shown, hiong, and rounded at bottom, os at p, 

no properly bedded and bonded work enn be obtained ; 

and, a8 wo shall see prosontly, upon good bedding and 
bonding all sound or stable ashlar work depends. 

Technical Terms or Names of Parts of Ashlar Blocks 

; or Btones. 

The faces of an ashlur block have different technical 
names, Thus the term “bed” is applied to both the 
upper and lower surfaces, supposing the block to lie 
in the same position as when in its proper place in 
the wall of which it is to form o part, But the 
lower surfaco—that is, on which the block rests on the 
stone or course immediately below it-—-nxs the surface 
shown by the purtly full and partly dotted lines g, ¢, g, 7, 
in fig. 11, is called the “ bottom bed”; the upper 
surface, asa bd ¢, being the “ top bed,” on which the 
next block of course immediately above rests, The 
vertical surface which is exposed in the wall, or forms 
the front or visible surface, as aes, is culled the 
“face” of the block; the part shown in full and 
dotted lines, as fg a t, the “buck.” 

Polished or Rubbed Ashlar Blocks or Stones. 

All the faces of true ashlar blocks are tooled and 
dressed to form a cubical block, with all its facos at right 
angles. And to further ensure good bedding and a 
good joint in mortar, the faces are all “rubbed ” so as 
to give perfectly smovth surfaces. This rubbing is 
done generally by menns of a piece of the same stone, 
the rubbing down being aided by the use of water ; 
although dry stone rubbing nay be resorted to, espe- 
chilly to finish off the surface when dry after wet 
rubbing. Tn large blocks two stones may be placed 
fuce to fuee upon each other, and the upper block 
dragged to and fro over the surface of the lower one, 
water being uscd to facilitate the rubbing, Ashlur 
blucks so finished are termed “ polished,” sometimes 
rubbed ” ashlar work, 

Tooled or Dressed Ashlar Blocks or Stones— Different Methods 
in Use; Straight-lined or Plain Tooling . Rusticated 
Work, 

Tn place of having the “faces” or exposed surfaces 
of ashlar blocks smooth by being polished or rubbed, 
they are frequently “ touled ” or “dressed” in ona of 
a variety of ways. Those are very numerous, and go 
by a grout many technical names; muny of which, 
although indicating the same class of work, are 
known by names prevalent only in one district or part 
of the country, and not used in other districts or parts, 
‘The surface muy be tooled with a sharp-pointed chisel 
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so as to present a series of lincs extending all over it. 
These may run horizontally along the length of the 





block, as in fig. 12, or vertically across the breadth, as at 
aa, tig. 13, or diagonally, as at b band 0, sume figure. 


uM ZZ 


Fig. 13, 


In place of having the rowing or lining to extend 
over the whole surface of the “face,” au margin is 
somotimes left all round the lined part, as ut @ a, 
fiy. 14, in front view of face, and in sectional view at 





Fig. 14, 


foot of sketch. The surface of this margin may itself 
be lined, but in a different way; or, as in generally 
the case, left smooth. But it is generally rowed or 
lined where the surface ix purposely left rough, as 
shown in fig, 15, which illustrates in front or face 





Fip. 15, 


viow what is called “rusticated work.” In this the 
greater part of tho face is tooled so ag to present 
n series Of projections or knobs of varied outline and 
size, the general effect desired to be attained being 
regulated by the size of the block and the position 
it occupies in wall or structure, There are different 
moilitications of rusticated or rough-faeced wall, known 
as “yough-faced,” “frosted,” and ‘“sparrow-peck 
work, ete., etc. 


THE STONE MASON AS A TECHNICAL WORKER. 


Other Methods of Finishing the Faces of Ashlar Blocks 
or Stones. 


In place of having the face of the stone flat, it is 
often finished with a rising part sloping off, as at A in 
fig, 16. All the sides of the projecting part slope 
inwards, of course; they may meet at a point, as in A 
and B, B being the end view, A the side view of block, 
und ay at the right-hand side of the diagram OC, to 
the right of the dotted centre line, this being a plan 
or top view of the face. Or they may meet in a point 
only at the sides, the end sloping part stopping short 
at some distance from the centre line shown dotted. 
In this figure the diagram D is a side sectional view, 





Fig. 16. 
showing at tho left-hand side of the centre line how 
the end sloping surface stops short of the centre point 


of the block face. The appearance thus presented of 
the surface of a wak built with blocks tooled and 
dressed in this fashion, is very much like that of a 
series of roof-sloping surfaces in miniature, The 
sloping surfaces do not start from the extreme edges 
of the face of block, but a margin ia left all round, 
ax shown in C, the surfnee of which may be called 
the true face of the block, the sloping part being as 
it were only an addition or projection, supposed by 
those who use it to be ornamental. 
Forms of External Joints in Ashlar Btone Walling. 

In ordinary “ polished,” “ rubbed,” or “tool rowed 

or lined” ashlar work, the joints formed by the 
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superimposing of one course above another, show 
only straight lines, as at top and bottom of atone 
aain fig. 13; the fineness, or rather closeness, of the 
joints depending upon the style of the workmanship 
of the mason in laying the blocks, In the best work 
the joints show very close, the layer of mortur 
between the beds being very thin. Mortar of the 
best quality is, of course, in this cluss of work only 
used. In some cases, while the actual joints, that 
is the bedding surfaces, are in good work very close, 
the apparent joint, as viewed in looking at the 
genoral surface of the wall, is very open or wide. 
On looking closely at an example of this the reader 
will perceive that in some examples of open joint 
work the sides of each joint slope inwards at such 
an angle that they meet at a point in line, This 
line is placed centrally between the upper and 
lower line of the joint; and the effect is produced 
by cutting the edges of the “face” of block all 
round at an angle, as shown in diagram KE, fig. 17; 








Fig, 17, 
so that when two stones so treated are placed “on 
bed” they form in section two angles, as shown 
in the sketch at tho right hand of diagram E; 
that to the left being a front view. When four 
stones, a8 @, b, o, d, in diugram G, are placed together, 
the’ meeting of their angular ocdgos gives the 
Appearance as in sketch. Open joints, whero the 
appearance they give looks like a sorics of grooves or 
channels, as in front view in sketch F, fig, 17, with 
rectangular sides and flat bottom, are produced by 
cutting a rebate or marginal part all round, os 
shown in the sectional sketch in IT. Figs. 18 and 19 





illustrate courses of parta of walls in polished or 
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rubbed ashlar work, with open joints above described ; 
fig. 18 illustrating the form of joint obtained by 
cutting the edges of face of block in the manner 





Fig. 19, 


illustrated at sketches FE and (in tig, 17; fig, 19 the 
form of the marginal cutting us in H, 


‘\Bond” in, or “ Bonding ” of Stones in Walls; Its General 
Principles and Importance. 

The practical work of masonry consists not merely 
in the selecting and cutting, dressing or tooling the 
individual blocks or stones, so as to pive to them 
certnin solid forms or shapes; but in the way in 
which thexe stones are placed together and super- 
impoxed one upon another. We have seen that on 
the nature of the bedding faces of stones, used in the 
building, say of a wall, much of tho stability of the 
structure will depend. If the bedding surface or 
“top bed” (ns «@ 6 doe, tig. 11) of the block he 
perfectly flat, much of the advantage obtained from 
this flat surface will obviously depend upon the 
nature of the “bottom bed” (#7 ye, sume fig.) of 
the stone which is to form part of the course 
immediately above. Tf this bottom hed be very 
uneven or rough, and expecially if its thickness, as 
wg, varies, Ko that the “back” free, af ga dis of 
less depth than the depth ¢ 0 of the face h to 7, the 
upper stone wil] tend to “rock” or sway to and fro upon 
the face of the other or lower stone. The vacunt 
space formed between the two stones thus placed may 
be filled or jammed up with smaller stones, or with 
thick mortar; but it is evident that this style of 
treatment—often, however, adopted in practice ix 
only an endenvour to pet rid of the evils which 
careless workinanship has brought into existence. IL 
ia clear that the most perfect, joint between two 
stones, one resting upon the other, will be that in 
which the surfaces of oth stones are eo even and 
regular that the greater part of the two surfaces 
wil] touch each other, This cunnot be the case, of 
course, in “rough rubble” or even in “ coursed 
rubble” stones. Still in the latter a certain good 
bed is often obtained, and consequent joint, by 
the interlocking, so to say, of the two surfaces, the 
projecting parts or knobs of cne going into the 
depressed parts or hollows of the other, And in the 
ease of “rough or random rabble” work this inter 
locking or dovetailing, to to say, of one stone with 
another, can be secured to a considerable extent 
by careful selection and adjustment of the stones 
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Admirable examples in abundance are met with of 
“dry stone” wall work in Yorkshire and districts of 
England where rubble or rough stones can be 
easily and plentifully had, or in Scotland, where 
work of this kind is carried out extensively. They 
afford excellent examples of the skill of the masons, 
who are indeed bred to, and only practise, this 
species of masonry. 


Theoretical and Practical Conditions of a Wall—Courses in 
Walling -— Joints in Walls, formed by the Gourses 
Vertical and Horisontal, 


But the stability or strength of a wall or structure 
depends not only upon the form which euch stone 
considered by itself possesses, or has by special tooling 
and working given to it; it depends ulso, as we have 
said, upon the manner in which tho number of stones 
making up the structure are disposed in its bulk or 
mass. Mach coursed rubble or ashlar wall is theoreti- 
cally considered as a solid mass throughout, being 
defined us a solid prism or prrallelopipedon, standing 
on & reetangular base of much greater length than 
breadGh. But practically this solid is mado up of a 
sovies Of luyers purallel to the base nnd to cach other, 
ewch layer being as a rule of oqual thickness or depth 
throughout the wall. .The technical naine given to 
each of thexe horizontal layers is a “course”; and as 
the courses are independent of each other, one resting 
upon the surface of the one immediately below-—Dbeing 
separatod only from cach other by the mortar used to 
cement them together—a series of joints are formed 
along the dines of heights of stones, But there are 
vertienl joints also, That is, two are formed by the 
end of one stone “butting” up aguinst, or being placed 
in contact with the ono or nearest ond of the stone 
placed next to it on the right; the other end with the 
stone to the loft. A third joint is formed by the back 
fuco of the stone if it butts up agninst the faco of 
another in the same course. In fig, 11 tho horizontal 
joints are on the lines ea, se—tho vertical on the 
lines ¢ 4, @c—-the back vertical joint being on line yg. 
This back joint is nol present, of course, in cases where 
a stone is of length suflicient to form the full thickness 
of the wall, asin the case of what is called a “through ” 
stone, presently to be described and illustrated, In 
this ease there is no back vertical joint, as the two 
frees or ends of the “through” stone are exposed, one 
to the front or outer, the other to the back or inner 
face of wall. 


Function or Uses of Joints in the Courses of a Wall. 


Those “ joints” formed by the contact of faces of 
adjacent stones afford surfaces by which the different 
stones areobviously kept together or from separating 
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by being connected or glued together, so to say, by 
a mortar or other binding and cementing material. 
The very friction, indeod, between the two rough sur- 
faces—rough enough oven in the case of polished or 
rubbed ashlar faces—would tend to keep stones super- 
imposed upon and placed in contact with each other 
in the courses or layers. And this friction between 
the stones, or the “grip” which one stone takes of 
the one above or below it, forms an element in the 
construction of a “dry-stone wall,” referred to in the 
last paragraph; but ono which muat not be lost 
sight of in estimating the strength of a wall of this 
kind, An element of higher value than some might 
be disposed to assign to it; who conclude that it is 
from the interlocking of the stones between the stones 
as referred to, that a dry stone wall alone derives its 
strength and stability, But this merely adventitious 
or artificinl binding of the stones together, in the 
ease of walls in which mortar was used, would be 
unsife to trust to, in ondenvouring to secure a stable 
wall capable of resisting strains or sustaining pressures 
enlenlated to force the stones asunder or to separate 
them, The full ndvantiuge of the cementing or binding 
power of mortar or of special cements (seo a suc- 
eveding chapter on “ Limes, Mortars and Cements”) is 
not here undervalued by snying the nbove, There 18 
grout binding or cementing power exercised by mortar 
when it is good in qnulity, and judiciously applied— 
for in this, as in all other work, there is a bad and 
n good way of employing mortar, which we shall in 
due plice notice, Mortar made by the ancient builders, 
and even by those at the very oarly part of the present 
or Into in the preceding century, was in very truth 
mortar, Being of the best quality, it hardened like 
tone in process of time, and set indeed so fast that it 
formed in itself a kind of artificial stone in many cases 
much harder and moro durable than the original 
stones it, bound together. So hard and firm that it 
was, and is to this day, no uncommon thing for ox- 
tensive areas of walls to full or be forced over, and to 
fall to the ground in a solid mass, not in the slightest 
degree shattered or broken up. No modern-built 
wall, certainly very few walls, could stand a test of 
this kind; mortar as now used by but too many 
builders—falsely so enlled, for they do not build in 
the true sense of the term—being a lime cement or 
true mortar but in name only, that is, a composition 
in which sand plays an all too important part, 
And this sand, it is worthy in this connection of 
being here noted, is of itself sometimes not of the 
quality to give a good mortar, For as there is 
lime and Jime, so there is sand and sand; on both of 
which points we shall have something hereafter to 
say. 


THE FARMER AS A TECHNICAL WORKMAN 


THE FARMER AS A TECHNICAL WORKMAN, 


His Too.e, IMPLEMENTS, MACHINES AND MATRRIALS.— 
THe PRINCIPLES OF HIS WORK IN ITS VARIOUA DE- 
PARTMENTS, 





CHAPTER I, 
Introductory.—Farming as a Useful Work to be done, 
To those who may take a somewhat exalted, or ax thoy 
may term it, a dignified view of farming, regarding it 
as a science rather than asan art—taking it, therefore, 
more asa thing to be studied than concerned with work 
which is to bo done—the title we have chosen for the 
subject to be considered in the chapters which are to 
follow will, we fear, be looked upon as something 
derogatory to what they may probably call it, namely, a 
profession. But those who know what farming practi- 
cally is will perceive how thoroughly approprinte the 
title is; for if any man has essentially work — technical 
work—to be done, itis the farmer, And if the detinie 
tion of the term “technical” given by the writer of the 
paper in the present work entitled “The Workman 
as a Technical Student—How to Study and What to 
Study,” an advance proof of which is now before us, 
be correct, then the farmer is exsentially a technical 
workman, And we believe this definition to be core 
rect, and thoroughly go along with the reasoning of 
the writer upon which he bases it, and which, in 
due course, our readers will have presented them 
for perusal, Those of our readers who may not be 
nequainted with farming as it practically is, if they 
favour us by a perusal of what we purpose under our 
title to give, may rise from it with some conception of 
how closely the farmer who successfully practises it 
deserves the title we have given him. Nor will the 
reader have the less clearly imparted to him that 
if, as the writer above referred to justly says, all 
honest work is dignified, that of the farmer has 
higher claims than the majority of workers in any 
branch of industrial work which ministers to the 
necessities of the people—we might safely say the 

highest claim—in this regard. 
Farming a Dignified Calling. 

For there is no work which man does that brings 
him in such close contact with Nature and her works 
as that of the tillage of the ground, or the cure of 
the flocks and herds which are supported by its 
produce, The only work akin to it is that of the 
gardener ; and for the matter of that the terms may be 
interchangeable, for the gardener may be considered as 
a farmer, but only of tinier crops, with this added value, 
that some departments of his produce minister, by their 
beauty and fragrance, to the higher delights of man,— 
just as, on the other hand, the farmer may be said to 
be a gardener. And this last way of putting the case 
carries with it considerations of a more thoroughly 
practical character than some of our readers may at 
present understand or appreciate. This we shall have 
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occasion to illustrate in a succeeding chapter. Mean- 
while we repent that the work of the farmer is the moat 
dignified of all our industrial callings, bringing him 
as it docs into contact with all the higher manifesta- 
tions of Nature’s operntions, The more varicty, to say 
nothing of the individual characteristics of ench one 
of the many plants he grows or the animals he rears, 


. affords examples of natural phenomena the interest 


attached to which never dies, as its characteristics aro 
as Varied as the influences under which they display 
themselves. To the thinking farmer the field opened 
up to his observation ix alive, so to say, with a count- 
less host of objects, not one of which, in its character- 
isties and their development, but what is suggostive 
of a train of thought, of a line of investigation, or of 
an experiment which will eall forth his highest powers, 
For, whether he chooses to learn thom or not, his work 
in ecdleulated to teach him lessons of higher worth and 
noblor import; which, while they will healthily incite 
him to be pre-cminently a good worker, will adorn 
his life with all those graces of goodness which will 
make it uobly useful to others and. yield the highost 
satisfaction to himself, Nor do we lose sight of 
the hope that we shall be able to show to sneh of 
our readers who may not oat present possess, not a 
full, but even a fair knowledge of what farming is 
that although we designate him in our tithes axa 
technical workman, wo do not. loso sight of, but rather 
indeed include, as of necessity, the fact that his work 
is dignified in uw sense other than that to which we 
have just now alluded; so that he may be said to he, 
in the truest sense of the term, 2 scientific worker, 


Farming as an Art and a Science. 


We hare, of course, asscime that the farmer as o 
technical worker is a trained workman, Trained in 
the highest or most complete senso —that is, who not 
only posserses the manipulative or other skill nocessary 
to do the work demanded of him, but Anows what the 
work ix, what are the principles upon which it is based, 
It is thus that—to use the popular oxpression— 
farming is ut once an art and a science, a thing of 
practice and of knowledge. Both of these requisites 
to success in farming, us indeed in any class of work, 
are, however,involved in the term “tochnical”~ that is, 
when the detinition of the term is uceeptod such as is 
given by the writer of the paper “Tho Workman as a 
Technical Student.” Taking, then, work to comprehend 
or embrace alike the capability to do or perform its 
various requirements, and the capacity to know, that 
is, to learn and apply the principles upon which it is 
based, nud without which work cannot, in the proper, 
the highest sense of the term, be said to be done at all, 
—it will be the object of what is under our title to 
be given, to convey, us it ought to demand the best en- 
deuvours of the writer to secure, a thoroughly practical 
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exposition of what farming is in this double sense, of 
a thing to be known and to be done practically, The 
reador, whom we suppose as yet not to know much of 
the subject as a whole, may reasonably and readily 
enough conjecturo, what is, after all, but a very 
commonplace conception of what farming is designed to 
do, that the details of its practice are numerous, if not 
complicated. But although he may so conclude, it is, 
we think, pretty certain that he will be in no small 
degree surprised to learn that before a man can he in 
tho true sense of the term an accomplished, or to use 
the more homely if better understood phrase, “ first- 
class farmer,” he must know, and know thoroughly, a 
vory wide range of scientific subjects of study and 
practice, Bo wide, indved, and so varied in their 
nature and in their modes of practical upplication, that 
if we guve now a mere bald enumeration of them, the 
reader might well conceive that a lifetime would he 
roquired to maxtor these alone, leaving no time for their 
practical applicution, Certainly he would conclude, 
and with justice, that any farmor who knew those 
varied branches of seienco even moderately well 
possessed overy claim to bo considered, and indeod truly 
would be, a very lenrned man, And this conclusion 
would be eminently just; and in the lives of more than 
ono farmer it has been remarkably exemplified. It 
has been the lot of the present writer to number 
ainongst tho friends mude during a long life many 
farmers; and of thexo, agnin, not a few were fully 
entitlod to be called learned men in the sense of the 
term we have used above. There was senrecly one of 
What muy be called the practical or applied branches 
of science but what they showed they possessed a 
knowledge of far beyond and above what may 
be enlleod tablo talk or surface acquaintance with 
it, And this position is what the reader concerned 
in or intending to be concerned with the practical 
working of farming should aim at seceuring, Te may 
not be able to seeure it in all its valuable efliciency ; 
but tho higher things are those for which ho should 
strive; for if he does not get all of them, he will get 
some, and what he does procure to himaclf will be 
worth gotting, We trust that in this endeavour he 
Will find some help from what) we are now about to 
present him with in those pages, 

Aim or Object of the Present Series of Papers-- Relation 

of the Subject to Technical Work. 

In what we have to present in this direction, it is 
obvious that the space given to us, and into which we 
have to compress xo much which must have atten- 
tion paid to it, will in itself prevent us from going 
deeply into all the scientific details, But we shall, 
wé trust, be ablo to give the general results of the 
eclentific research of those who have devoted them- 
selves to the important subjects concerned with 
the practice of farming in euch a way that they 
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may be applied with comparative ease to the 
details of that practice. Whether this knowledge 
of scientific results will be applied by the reader to 
his practico, rests with himself, not with us. It is one 
thing to present a starving man with food, another 
thing to persuade him to take it—for even starving men 
have been known to quibble and deny that what was 
given thom was food at all—and quite another thing 
10 ensure that even when taken it will be assimilated 
by him, and so assimilated that it will not merely 
sive life, but will nourish and promote it for after 
work, In this matter, then, the reader “ must minister 
to himself,” There sre some phrases in daily use 
umongst uk which have certain meanings attached to 
them, and have become so fixed and stereotyped, as 
it were, in the minds of men, that no matter how 
desirable it may be that there should bo another and 
a wider und trucr meaning given to them, it seems 
hopeless to expect that this higher one will ever be 
given to them. Amongst those phrases is that of 
“working man.” Now, although that term is applied 
to a cliss of the community which is a very wide one, 
both as regurds the divorsity in the callings of its 
members as well as regards tho vast aggregate of 
their numbers, still those who look below the mere 
sturfuce of things know well how narrow its meaning 
is, and how mnrrowing also, and more unfortunately, 
is its educational and social influence. This work, of 
which the present chapter forms a part, is, on the 
other hand, an example of the much wider and higher 
menning which the term carries with it when rightly 
defined. This is exsentially a book connected with 
work, and is therefore pre-eminently one adapied to 
the wants and wishes of the men who do it, But the 
merest glance at the list of subjects which its pages 
discuss will suffice to show how wido and varied the 
lines of this work are, and how wide by consequence 
must be the class, or ratner, as wo should suy, how 
numerous the classes, by which that work is done. 
The pages of the work, therefore, clearly do not address 
themselves, ind were not—as far as an outside view 
of it enables one tu judgo—designed by the conductors 
of it to address themselves, to one class only, however 
numerous that class might be. It aims at mecting 
the wants of that great class of technical workers who 
minister in a wide variety of ways to the wealth and 
influence of the community as a whole, and through 
these to the individual benefit, social, moral, und 
industrial, of all, The working men, then, whom this 
book addresses, belong to no special class, and the 
phrase “ working man” has in it, therefore, a much 
wider and higher signification than that given to it in 
popular acceptation, Its pages purpose to help, so far 
as their medium possibly can help, all classes who 
wish to do their work well, whatever kind of technical 
work that may be. It will be useful alike to the man 
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who has been college bred, taught in technical schools 
or classes, and it is to be hoped even in a more 
telling way, a more efficient degree, than those who 
from the circumstances of their lives have been pre- 
cluded from all the advantages of early and special 
education, and are now enger to make up for their 
loss of time by doing what they can for themselves in 
the way of acquiring knowledge, by the plan known 
popularly as self-education. 


Relation of the Object or Aim of the Papers to the Ordinary 
Working or Farm Labourer. 


And applying these remarks to the special subject 
of the present paper—in view of which, indoed, they 
have been penned—such information as it may give 
in the course of its succoeding chapters will be valuable 
to those who are cither nbout to engnge in farming, or 
are studying with an aim at some future time to do 
so, who muy belong to the class able to afford not 
only the cducation necessary to muke them good 
farmers, but to bo able to take and cultivate farms. 
But some readers whose “lines may not be east in 
such pleasant places,” who may in fact be of that class 
popularly known to be but “ working men,” may 
have a difficulty to see how such informntion as we 
mny give ix likely to or can be useful to them prne- 
tically. Now, it is not given to every one to be at the 
top of the treo, still if is one’s duty to climb as high 
asit is possible for him to do; and certainly one will 
never begin even to try to climb who sits or lolls 
lnzily at the root. We need say no moro on this point, 
which is indeed so clear and self-evident that nothing 
more than what has beon said is required to show its 
importance, And the very fact of any ono of the 
class here indicated—namely, working men possessed 
of no menna to push themselves but their determina- 
tion to do so—reading this gives evidence that ho is at 
least desirous to get on in life, so far us study will help 
him to get on. And there can be no doubt of this: 
that w thorough knowledge of one’s work will be the 
beat possible help to him to geton. For the man who 
is known to know his work well, is in the best and 
highest sense of the term a “marked man,” Le is 
of a class of which the members are too few, unfor- 
tunately, not to be highly valued when they appear. 
And when promotion is going on—ak it always is 
going on in business, say what grumblers will to the 
contrary --the promotion does not go to the luzy, the 
indifferent, and the ignorant, but to the man who, 
whatever his work has been, hag determined that he 
will know it thoroughly and work at it honestly, who, 
whatever his rank may be, determines that he will, 

if possible, be the first of his rank. A man of this 
class is sure to get on, for the best of all reasons,— 
that the value of its members is known, and as we 
have said, they are too scarce not to have a high value. 
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Now, what we have to give will, we venture to say, 
be at least ono of the helps by which he will be 
nasiated in the work of getting on—which may, in 
other words, be enlled the work of self-improvement. 

Nor is it true that o veritable working man, in the 
popular as well as the true sense of the term, iy not 
likely ever to have a farm of his own, Wo do not 
say that every one will, or that every one can, however 
good he be; but we do sy that there are far greater 
chances of a farm servant, or a working man in some 
other class of work who has a love of the country and 
of country work, getting » farm of his own, than many 
ure disposed to admit. As we write, one of the furm- 
ing papers we read weekly has just come to hand, 
and our oye has singularly enough lighted on a paper 
entitled “Farm Labourers,” which takes up this vory 
subject, and points out in how many instances farincrs 
now holding good positions, and some of them of 
eminence as practicnl farmers, wero at one time, and 
that not so very long ago, Inbourers, and but labourers 
on tho farms of others, One caso named by the writer, 
avery well known and able farmer himself, is worthy 
of gpecial notico here: that of a farmer who now 
farms, and farms well, no fewer than five hundred 
neres, and who for years had to keop himself and 
fumily on ton shillings a week, beginning life with 
wages so low that at seventeen years of age he could 
and did earn only three shillings a week. Surely there 
is encouragement here ; and such cases, we know, aro 
not special in the sense of being isolated, for we 
heartily endorse the statement of the editor of the 
farming paper we have alluded to when he stys-—and 
few are better able to give a sound) opinion—* Wo 
believe there are but few estates which could not point 
out some of their best tenants who have once been 
lxbouring men.” Let one fact be remembered + thit 
young men now are very much better off, not only as 
regurds the wages they receive, hut in respect of having 
opportunities of self-improvement, which leads to that 
of personal position, than those were who began life 
so many years ago, Of the truth of this, the writer 
may be pardoned if he refers, as av striking evidence, 
to the work in the pagos of which he ix now privileged 
to address his readers, 

This not only makes the work of progress easier, 
but, rightly looked at, all the more a duty to onoself 
as well as to society that it be honestly performed. And 
the doing of this duty necessitates not merely the 
cultivation of all the higher intellectual and moral 
powors, but those which give the skill—the handicraft 
power—necessury to make knowledge of practical 
avail. No matter on which side we look, in what 
direction we push inquiries, we find that nearly every 
help, legislative, social, educational, is put within the 
reach of every young man desirous to riso in the 
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THE DOMESTIC HOUSE OR HOME PLANNER 
OR DESIGNER. 


THE WokK OF THE YouUNG ARCHITECT OR BUILDER IN THE 
DESIGNING OF JIOUSES FoR TOWN AND COUNTRY. 


CHAPTER JI. 

Bome Practical Examples of Mal-Arrangement of House 
Apartments (Continued), 
Jn our preceding chapter we gave in the Inst paragraph 
some remurks under this head. Referring the reader 
to what was there stated, we proceed to annlyse the 
examples named. 1f the position of this cellar-kitchen 
could not be very seriously objected to---nlthough griver 
objections on the score of health can be held against all 
sink or semi-Kunk rooms used ns living rooms, tht is, 
apartments in which one branch of the family remains 
habitually Jet us briefly examino in how far this 
position affected the convenience in doing the essential 
work of the house. The kitchen, placed as we have 
seen in ww story below the dining-room or grovwnd 
floor of the house, was reached from this apper floor 
byw flight of sleps placed at the back and outside of 
the house, leading into the yardor back garden. This 
Night of steps could not be objected to either on the 
ground of being narrow or very steep, for there being 
mmMple yoo, both requisites in a good stair, width of 
slop and easy or long inclination or angle, were so 
fur fortunntely secured. The original iden was that 
when the domestic had to go from the kitchen to 
the dining-voom, for example, nbove-—sny with the 
dinner apparatus and materials-—she had to issue 
from her cellar-room to the baek yard, ascend the 
kteps, open the door at the head of the flight leading 
to the passage orlobby of the ground floor, and traverse 
nearly the whole of its lengdh before she would reach 
the door of the dining-reom. Tt would look as if we 
had but a poor conception of the intelligence of the 
render if we deemed it necessary here to point out to 
hin the inconvenience, loss of time, ete., arising from 
the carrying on of the daily, ever-recurring work of 
the house, at all times and in all weathers, with such 
a singular arrangement or “plan” of this part of the 
house, 

Some glimpso of the singularity of the arrangement 
--to characterise it in the mildest of terms--—seemed 
to have crossed the mind of the builder, or to have 
heen suggested to him by some one who had a clearer 
notion of what was really due to the domestics of the 
future house on the score of comfort or of health . 
probably by some proposing tenant, for it was nt 
i Inter singe determined to give the girl or girls a 
more direct mode of access from the kitchen to the 
upper rooms than had been originally proposed, and 
this the only possible way out of the roundabout 
metnod, That this, if more direct, could not be a 
very ensy access, may well be conceived when it is 
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considered that the walls of the cellar or semi-cellar 
kitchen having been already built, the space for the 
flight of stairs had to be taken off or deducted from 
the working space of the kitchen. 

Deficiency of Floor or Working Surface in Kitchen, etc. 

Aud in the special case we are now analysing, the 
working space at the best was so straitened that it 
eould only be culled the minimum of what ought to 
have been its floor surface or dimensions, And it is 
worthy of remark here, that this deficiency of working 
floor space in kitchen, etc., is a characteristic even 
of high-class houses, upon which so much having been 
expended to sccure a fine stylo in, one would suppo-e 
that some expenditure would have been given to 
obtain comfort in the working parts of the house. 
The flight of stuirs was, therefore, of the narrowest, 
and in order to gain the hoight required for the ascent 
not a few had to bo yiven to it of those awkward and 
always inconvenient and too frequently dangerous 
angularly-shaped steps known as “ winders,” (See 
further on in this paper, and in the series of 
papers under tho heads of “Tho Joiner” and “The 
Mason,” for a full description and Wustrations of the 
dotnils of Stain.) The result was the giving of a 
flight of stairs of that class which has been graphi- 
cally termed “break-neck stairs.” So very marked 
an exumple of this class, that when tho house came 
to be inhabited, the servants had such an objection 
to tho use of the flight—fearing, if not a cutastrophe 
of broken Jimbs, at least that of plates and dishes— 
that they rarely used it, direct, in such fashion as it 
could only give, as the aceess was. They preferred 
the safer, and iu that sense ensior nevess of the round- 
nbout system, with all its loss of time and discomforts 
in cold or bad weather. But these, not so much 
grumbled at at first, became so grievous by the 
never-ending repetition to which we have already 
referred as au most important element in all such or 
similar casos, that servant after servant gave up the 
“place” rathor than be go tortured. 

The Fireplace or Cooking Range in relation to the Window 
of the Kitchen. 

The final adjustment of the difficulty, if not alto- 
gether satisfactory, wus at least so far so that it gave 
pence to the household. And it was this, The all-too- 
atraitened sitting-room before alluded to as forming 
one of the rooms—so called in this case on the 
principle of (ueus a non lucendo, because it was not 
© room in the useful sense of being roomy— 
on the ground floor, adjncent to the drawing and 
dining-rooms, was made into a kitchen. But being 
so straitened, “ample room and vergo enough,” or at 
least as ample as could be given, waa obtained by 
knocking out a part of the back wall, extending the 
floor space outwards, and giving the window at the 
back of the newly-formed “ set-off” or projecting part. 
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But thus arranged it was but a very inconvenient 
kitchen at the best, for it was merely a long narrow 
strip of an apartment, with the light thrown so far 
uway from the firepluce that cooking had to be dono 
in a very obseure light. And this, at tho best of 
times, was made more obseure by the fact that the 
cook had to “stand in her own light,” as she had of 
necessity to turn her back to the window. As a con- 
venient kitchen it certainly could not be elussed, yet 
in convenience notwithstanding it was far in advance 
of the original arrangement, for it suvod time and 
fatigue. 

Further Illustrations of Mistakes in House Planning— 

The Lessons they yield, 

We could cite many other cases, which, though not 
so glaringly defective as the one we have given, are vet 
bad enough, And as we would tuke the illustration 
from actual practice, wo may prediente that the 
mistakes exist in other houses, or may yet exixt—for 
whi. has been done onee may be done again, however 
unlikely the doing of it at all may appear to be. It 
is difficult indecd to sny how absurd may be the 
mistakes which some house planners or designers 
may perpetrate, For example, a plan dey been 
known to be sent ont for a house in whieh no 
provision was nade for a stairease by whieh the 
bedroom floor could be renched from the ground 
floor, And had tho building been proceeded with far 
enough, there would have been but two ulterative 
methods left of getting over the diflicully—-cither 
building an outside staircase, or tuking part of the 
space from one of the entertaining rooms on the 
ground floor, and a like space from the room imie- 
diately above, to give # landing on the bedroom floor. 
Fortunately ono who knew what a plun ought to he 
discovered the grotesque mistake—for in one sense 
it was so—of the original planner, if indeed such a 
designation was applicable to him. 

Such a glaring absurdity as this now named, some 
of our readers will scarcely give credence to, it 
being so unlikely that any one evr perpetrate it in 
practice, But those who have had large experience 
in house planning, and who have, as a consequence, 
keen What is wido practice, in which the work of 
Others is shown, know too well that mistakes, if not 
quite so gross or grotesque ns this one, are made, and 
often made, in house planning. And, unfortunately 
for those who have hud to Jive in the houses po 
planned, the mistakes perpetrated in them had not 
been discovered before the building was completed. 

Omission of Storing Conveniences in House Plans. 

One would suppose, for example, that no one sitting 
down to plan a house could he absolutely ignorant 
of the fact that in every well regulated household, 
articles in daily use, such as dishes, cooking utensils, 


and the like, after being used, are cleaned and put 
away ready for employment on other, and as a rule 
quickly recurring, occasions, Nor is it eaxy to sup- 
pord that the planner could be altogether unaware of 
this fact: ‘That, as people have to eat to live, and 
live to cat, and ns provisions for the same have to 
be bought and kept in readiness for use, is 2 con- 
sequence some kind of place or apartment, is required 
in which they ean be so kept. We repent that it 
is ditticult to conceive that the planner of a house 
could be ignorant of all this, For living in a house or 
home, as he must have done, where the comforts of 
life were to be had, surely he could not: but. perceive 
that such things were required for comfort, and thero- 
fore demanded certain conveniences, And yot ho may 
just as well have had no observation at all, and been 
absolutely ignorant of all the work of daily domestic 
life, for practionlly his plan showed no provision for 
it, Weare notin this merely supposing a case, Kor 
not once merely, but frequently tu the eourse of pro- 
fessional examinations of houses, have: we come ieross 
exmmples where there was bat the very minimum of 
“conveniences ” for eurreving on the daily work, and 
some Where they did not exist atoall No doubt the 
latter case we have only mmet with in cottages, or houses 
of a poor class. But even in kuch euses it was an 
unpardonable sin for the planner of those houses to 
arrange them so that nota single convenience was 
provided for putting away Chings not always bat very 
frequently used, or for storing up such small supplies of 
provisions as scutily filled purses can alone command, 
Unpardonable, inasmuch as the planner mast lave 
known, or ought to have known, ¢hat poor people 
have their little comforts to be attended to just as 
mitch as those in superior ranks—all the more, in 
fact, that those eomforts are but few, Sill moro 
unpardonable if, while knowing this, the planuor 
refused to ministers to the comforts of the "huts 
Where poor mon He,” on the score that it wax quite a 
matter of indifference whether they were ministered 
toor not, The other sin would, or anight be, that of 
simple ignorance or neglect; this one would be a sin 
nyainst humanity. 

Storing Conveniences, as Quphoards, Pantries, Larders, and 
the liko, Essential even in the Poorer Classes of Houses. 
And while on this point, Jet us parenthetically 

remark, although the point is one deserving of fuller 
trentinent, Ghitt we aay talk as we like - and very 
frequently “big talk” is indulged in-—of what we 
choose to call the untidy, earcloss home hubits of 
the poorer Clinses, but we forget that we not ouly 
encourage these, but positively plan and build 
their houres in such n way that it is an absolute 
impossibility for them to be anything else thac 
untidy or careless in their home halite. 


THE SANITARY ARCHITECT. 
Tie PRINCIPLES AND PRACTICE OF His WORK, IN HEALTHY 
Housk AKRANGEMENT AND CONSTRUOTION,--TEOHNIOAL 
POINtTs OF SEWERAGE AND DRAINAGE, VENTILATION, K'rC, 





CHAPTER I, 
Introductory, 


Tine was, in the history of our country, when the term 
or title which forms the leading part of the heading 
to the scries of papers now begun would have becn 
to the great bulk of the community simply meaning- 
less. For although tho term “ sanitary ” had a place in 
our dictionarics, it had none in the common language 
of the people—none, at least, as conveying even the 
remotest conception that it carried with it ideas con- 
nected with the doing of practical work which closely 
concerned, not merely their heulthy, but their moral 
and socinl well-being. At this period in our history 
now referred to, all classes were content to live under 
circumstances of house construction and its immedinte 
surroundings, without ever troubling themselves ns to 
whether the conditions which those mvolved were in 
(heir results beneficial to their health or the reverse, 
Now and then, in consequence of some striking and 
minful outbrouk of dixeusxe, or some sturtling series 
of deaths, which in intensity umounted to a calamity, 
the attention of wv few thoughtful men was directed to 
tho subject, and some conception, more or Jess decided, 
wis obtained that there might be a connection between 
tho cniastrophe and the houses and their surroundings 
in Which it had happened; and some notices, Ina way 
more or Jess public, might be taken of the point In 
some isolated journal of the day, or possibly a less 
vanishing place might be given to it in the pages of a 
hook, or through the medium of a paper read before 
sume lowed society. But even this slight movement 
of the waters of ignorance or absolute popular im- 
difference to the subject of the health of the people rs 
alfected by their homes and the conditions by which 
these were surrounded, is only a matter, so to sy, 


the nation. Tho present century had certainly reached 
its first quarter before even scientitic men generully 
begun to think that there might be some connection 
between tho construction of houses, the conditions 
by which these were surrounded, and the sickness so 
often ending in startlingly numerous and striking 
instances of death which marked out some, and even 
wide districts, as, 80 to Bay, the hotheds of disease. 
But the econtury had grown older still before this 
thoughtfulness of some—and those indeoad few in 
number, and possessed, unfortunately for the interests 
of the people, of but little of that commanding in- 
fluence which tukes hold of the public mind and brings 
about public action—had so far done its work as to 
cause others possessed of this influence to take up the 
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study of the subject and give it a place amongst those 
public movements which are known to have no close 
and direct bearing upon the public welfare. But so 
far as the general public wero concerned in this new 
and moat important movement, it may with some 
safety be stated that it is only within a period of 
very little more than generation ago that the full 
importance of the science which is called sanitary 
has forced itself upon the public mind; and that the 
details of the subject have taken such a commanding 
position as to raise their consideration to the dignity 
of a science. 

Present Position of the Science of Sanitation.—Circumatances 

which brought it about. 

That the position which the “science of sanitation,” 
us it has otherwise been termed, has now attained, is 
not due to the exertions of scientific men considered 
purely as such, its history abundantly proves, Indeed, 
it may well be questioned whether, if the hold which the 
subject has now of the public mind had depended for 
its creation and its nurture solely upon what men of 
ncience ag such did for it, that hold would not have 
heen vastly more slender than it now happily is, and 
its initiution have been kept back for not a few years, 
But, fortunately for the interests of the people gener- 
uly, coincident with, if not indeed actually antedating 
or preceding the exertions of men of scienco, certain 
philanthropists had taken up the subject, impressed 
chiefly;with a sense of the importanca of the fact that 
it was possessed of momentous moral and sociul prin- 
ciples, exercising a most potent influence upon the 
woll-being of the population. With such considerations 
science purely as such has no concern; it deals only 
with material facts and circumstunces, and endeavours 
to discover the laws, if laws there be, which govern 
and dictate the practical facts and outcomes of the 
case. But, happily for the progress of the whole 
question, the combination of the man of science with 
the philanthropist was, in the early days of the 
history of sanitary science, not seldom met with. 
And the result of this waa, the representation of 
philanthropy as to the moral and socin] evils arising 
from the inaanitary condition of our houses, especially 
those in densely crowded districts, backed with the 
teachings of science as to the physical evils of this 
condition, gave a potency to all that was made known 
on the question, which compelled, so to say, not only a 
readier but a quicker appreciation and apprehension 
of its value by the public. It is, therefore, now well 
understood that the moral and social considerations 
connected with the subject, and those which are purely 
scientitic, cannot be separated if we would, ought not 
to be if we could. And in place of this dual relation- 
ship acting injuriously on the progress of sanitary 
science, and hindering, if not in some cases wholly 
arresting, the work of the sanitary architect, it greatly 
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and most efficiently promotes it. A subject of necessity 
possesses a greater value if we find that while ite 
practical conception ministers powerfully to the health 
of the people, it also ministers no less so to the 
improvement of their social and moral condition. 
Hence arises the double influence which this subject 
of sanitary science exercises on our population, and 
the greatly increased importance of the work of the 
sanitary architect, 


Twofold Aspect of Sanitation. 

This view of the subject, the accuracy of which is not 
likely to bo disputed even by those who may givo greater 
prominence to its scientific than to its moral and social 
aspect, naturally divides its consideration into two 
distinct heads, The first of these is concerned with 
the moral and social points, the second with the purely 
scientific and constructive. And «a notice of the first 
of these two methods of dealing with the subject, 
in place of lessening the importance of the details of 
the second, will be found grently to inevense it. This 
notice will in fact afford still more cogent reasons why 
those scientific detailx should be generally applied to 
the practice of house arrangement and construction, 
But in truth, as we have alrendy said, the two sides of 
the question cannot be separated, We therefore, pre- 
liminary to the scientific and constructive details, take 
up briefly those which bear upon the social and moral 
welfure of the comuuunity. 

Tt has only been within a comparatively recent 
period of our national history that the condition of 
what.are known as the lower classes of society has been 
a subject for the consideration of those whose worldly 
good fortune it has been to be placed far above 
material want, and who in turn constitute the better 
elusses, Tsolated cases, no doubt, were met with in 
which some attention was given to the wants and 
woes of the very poor and the otherwise uttorly 
neglected. But it seemed never to have entered into 
the mind of the public generally that the condition 
of those who formed the lower stratum—or rather 
strata, for in the lowest deep there was, and is, 
a lower deep—of the body politic and social, had in 
reality any practical concern with the vital interests 
of the community considered as u whole. The better 
classes, at the time to which we allude, certuinly could 
not be charged with the fact that they were in any 
way their brothers’ keepers, oxcept in the sense of 
keeping those down who were down in the social seule, 
or at all events being careless as to their ever rising 
up in it—if, indeed, they were in anywise looked upon 
as brothers at all, whose welfare concerned them, 

Social and Mora] Aspects of Banitary Science.—Important 
Elements in ita Consideration. 


Tt would be very useful if we could here find ppace 
to enter somewhat into detail as to the rise and 


progress of that infinitely higher interest which in 
time permeated through and penetrated the mass of 
the better classes of the community in the condit‘on 
of those who in more senses than one were at tae 
bottom of the social scale. No doubt the steps of 
progress of that interest which led in process of 
time to tho remediary mensures which have been the 
characteristic of the period of the last two or three 
generations, were at tirst tuken nt intervals few and 
fay between ; and were taken, moreover, very slowly. 
But if slow, progress was happily sure, thanks to the 
exortions of far-seeing and prudent plilanthropists, 
Possibly the first renl and procticn] step towards the 
establishment of a better order of things socinl wae 
that taken by Howard, the prison philanthropist, 
Before that time very few scomed to have any ides 
that the unhealthy condition of the lower chisses;— 
the wretched state of their dwellings, in whieh and 
amongst Which disenses of the most dangerous kind 
were never nbsent—hid some infiuence on the health 
und well-being of those classes who lived under 
infinitely better circumstances of social life and eom- 
fort. But Howard did much in proving beyond any 
doubt that the evil influences constantly present and 
ever perpetuated in and mmongst the very poor eon- 
fined within the prisons, and by parity of rensoning 
Cxisting also in and amongst the wretehed hovels and 
districts—not exx prisonsy—inhahited by the poor, 
exerted a power whieh in turn afffieted Chose who 
lived in houses and in distriets whieh, from their in 
every way superior condition and position seemed to 
he wholly exempted from the causes which elsewhere 
gave rise to such foul and dangerous discuses, But 
what Jloward did was to prove, ina way whieh startled 
the general public mind, that no class, however high 
in social position, and however well housed and enved 
for, could with inpunity allow disease aggravated by 
direst poverty, and too often by actual want of the 
necessaries Of life, to revel, so to suv, in the houses 
and districts of the poor, What was done so well hy 
Howard was followed up by others, till at Jast: the 
public mind was awakened to the great tauth thot 
all classes of society, including the very lowest, wera 
bound together with the ties of a eomimnon Interest: 
and that what affected and injured any one class, in 
some and often in great and painful measure injured 
all other classes, 
Practical Relation in a Sanitary Point of View between the 
Condition of the Poorer Districts and the Wealthier. 
And although the public mind is in an infinitely 
more healthy condition than at one time it was, still 
there are many who do not yet see that there is a 
close connection between the condition of the lower 
classes, which tends to perpetuate both moral und 
physical disease, and the like condition of the higher 
classes, to one of which they themselves belong. 
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THE TECHNICAL STUDENT'S INTRODUCTION 
TO THE GENERAL PRINCIPLES OF 
MECHANICS. 


LAWS AFFECTING NATURAL PHENOMENA—MATTER 
AND MOTION, 





CHAPTER T. 
Introductory. 

Worxsnor and factory practice, in the wide range 
of technical and industrial work carried on through- 
out the kingdom, comprises a vast variety of details 
and of facts bearing on the operations and processes, 
which are of themselves exceedingly numerous. The 
space, therefore, which of necessity even compara- 
tively bricf papers descriptive of them demand, is so 
great that it is difficult to find opportunities to place 
before our renders others bearing upon the moro 
abstruse points of the theories or of the principles 
upon which many of the branches of techuieal work 
are based, Nor indeed is this more purely theoretical 
matter demanded of us; the scope and scheme of 
our work, as in large measure indiented in the title 
of our Journal, and still move fully in the opening 
paper on © Technical Education,” ave designed specially 
ta qmbody the fuets connected with praetico of the 
virions branches of techmienl! and industrial work. 
These may be here conveniently called praetien) ius 
trations of the theories upon which the details of 
actunl work aro based. Tn the various pupers or sube 
jeets Which will make up the body of Tig Tecusican 
JOURNAL, those theories will be as a rule only juei- 
dentally referred to, Van such Gases attention will 
be drawn but very briefly to those points of practice 
which aro defective beenuse round theory has been 
neglected or wilfully overlooked in the details. But 
while this is xo, and while we showd thas fulfil our 
obligations within the limits of the scheme of our 
work, we ure so desivous to meet the wants or 
requirements of all classes of readers, and on whieh 
representations have quite recently heen anade to 
us, that we have now made special arrangements 
hy which space will be found to enable us to wive 
n series of papers bearing upon tho principles of 
certain sciences, or expliining generally the theories 
on which certain work is based. Whether we shall 
be able to compass brief notes on the lending prin- 
ciples of several branches of selence md those are 
not vn few in munber— depends chiefly on spree, At 
present, however, wo have arranged for two of the 
leading sciences, known under the gener titles of 
@Mechanies ” and “Chenistry.” Wo have decided 
upon those, innsmuch as the principles which they 
involve do not apply merely to one special branch, 
but to what is in reality a wide range of branches 
of technical work. 
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Scope of the Present Series of Papers—General Mode of 
Treatment. 


Should we be able to compass no more than the 
present series, the reader will find, aa just stated, that 
its various chapters will em biaos the statement of 
principles which will cover not one or two merely, but 
many branches of technical and industrial work in 
their practical details. It is scarcely necessary to say 
that neither the scope of Tne Txounican JouRNAL 
nor the spaco we have at command for this series 
admit of that full treatment of the subject which 
characterises exhaustive treatises on it. What we give 
will take the form generally of what may be called a 
revies of “notes” taking up various departments of the 
general subject, Indeed, all the practical necessities of 
the caso will, we conceive, be fully mot by those notes, 
They will embraco the salient or leading features 
which have a direct and immediate bearing upon 
practical work. Tho more abstruse and intricate 
disquisitions, which demand from the render the 
exercise of intonse study and the most painstaking 
care, and which in many instances require a know- 
ledge of the higher, or at least the more difficult 
branches of mathematics, must for the present at all 
events be pussed over, Somo of those, in a few in- 
stunces at least, and by some writers, aro so beclouded 
hy what are largely but metaphysical speculations, 
that the reader is apt to become confused and in large 
measure bewildered in attempting to understand 
them, or to decide between conflicting theories,— 
and of conflicting theories in general science there 
are not a few, 


Applicability of the Laws or Principles of Mechanics to a 
Wider Range of Technical Work than that popularly 
known as Mechanical, or connected with Mechanism. 

This at first sight, to the uninitiated or to the 
youthful render, would seem to be confined to an 
exposition of the principles upon which the prac- 
tice of mechanisin, or what is popularly known as 
muchinery, was based, Hence the name of the 

“gcienee,” so to call it, of mechanics, is so far un- 

fortunate as leading to false conceptions of what its 

scopo is, ax if it were confined solely to that cliss of 
work just named, and with which the title in the 
popular mind is generally associated. But its seope 
is very much wider than this. While the mechania 
who denls with imachines or machinery concerns him- 
self with those principles of the science of mechanics 
Which refer to duatter in| “motion”-the mechanic 
who is converned with structures, as houses, bridges, 
or the like, ix interested in those of its principles 
which refor specinily to matter in a state of “rest,” 
or as it is otherwise termed, “stability.” And at 
the sume time there are certain principles or laws of 
nature trented of usually under the general title of 
mechanics which are applicable to the work of all, 
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whether they be machinists, builders, or indeed a 
much wider range of artificers or constructors—using 
this latter term in its widest sense as embracing those 
who make up, put together, or build up the varied and 
almost endless objects with which we are surrounded. 
Nor does the application of some of the principles of 
the general science of mechanica terminate here— 
wide as that application is. They, in point of fact, 
most closely concern other branches of technicnl 
work, The chemist himself has to consider them, 
and they are exemplified and made use of in a wide 
range of that work which is known aa Industrial 
Processes, If, then, to our notes on mechanics we add 
those on chemistry, we shall be able to present to our 
readers a variety of information of » very wide range 
of practicality. For just as the principles of mechanics 
apply to the practice of many more workers than those 
connected with, machinery only, so will it be found 
that those of chemistry embrace within their range 
a grent variety of procossea which give vise to very 
important branches of individual industry. In eon- 
cluding these introductory parmngraphs, let the reader 
hear in mind what we have already stated,-- that the 
“notes” we propose giving will concern themselves 
chiefly with those points which have a more or less 
direct bearing upon practice, nnd will not comprise the 
more purely theoretic disquisitions which are generally 
met with in works treating fully of tho sciencos, 
Further let it be observed by the reader that our 
“notes” will not bo given upon any specifie plan 
of arrangement. In specinl trentises the case for 
obvious reasons is different : there systematic treatment 
is always aimed at, although it be not in all cases 
secured. But it is right to state that while our notes 
will be given under various specific hends, they will 
as a rule be given so far systematicully that ono 
note on the subject of which it treats will in great 
meaxure so lead up to the subject of the note next 
to be given, that a fair degree of natural or systematic 
sequence will be secured. 

Bome Considerations as to Certain Terms‘used'in connection with 
Mechanics or the Philosophy of Materials as distinguished 
from the Philosophy of Mind. 

When we tuke into considerntion the grent variety 
of machines, especially if we have much to do with 
machinery, either in the way of constructing it, or 
employing it in one way or other of the many 
branches of that industrial work which practically con- 
stitutes the whole of the labour, as it is the source 
of the wealth, of the nationn—when we see around 
us in every department of life some evidence of 
what machinery doca for us in the way of supplying 
our necessities, adding tu our comfort or gratifying 
our tastes and liking for the beautiful and luxurious, 
—when we see even in the humbler walks of work, if 
not machines, at least mechanical appliances, which 
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owe their existence and utilities to the work of 
machinists, or are, in themselves, more or Joss me- 
chanical,—when we read and hear talked about every- 
where and always of the wondera which machinery 
has done and is doing, and how much it has contri- 
buted to our wealth and infirience as a people, we are 
vory apt to look upon all this accumulated and what 
is relly, per se, in nud by itself, marvellous evidence 
of man’s untiring energy and industry, aa the result 
wholly and altogether of man’s ingenuity and of the 
creative powers of his intellect. Nor is this concep- 
tion in any way altered or even modified by what we 
consider and talk about art and scieneo; very much 
rather ig it intensified and still more settled in our 
minds as a fact or truth which cannot be got rid of or 
gainsaid, For in using or thinking about these terms 
of art or science, we just ns readily and unhesitatingly 
define and decide that since those aro the means or 
power by which all this wonderful accumulation of 
mechaniowl force has been ereated, they themselves 
—the art or the seience are the produet of man’s 
inherent ability, no doubt built up, so to sy, by 
the experionce slowly acquired through a long seviex 
of conturies, but none the less the work, as they are 
the ovidenees, of man’s intellectual power and untiring 
energy. Reasoning thas in a eirelo, we naturally 
eomoe back to tho same point, and therefore decide 
thid, as all Ghis inass of machinery oxisting around, 
andimet with everywhere and everywhen, ix dependent 
upon the arts and seiences for its creation and exist 
ence, as those are solely the product of man’s ingenuity 
or intellectual ability, so also must be the machinery 
which he makes, 

Natural Laws, or, as they are often tormed, tho Powers of 

Nature.—FPopular Notions concorning them, 

Now and then, but oon the whole very rarely, 
do we tind that, along with the words “art” and 
se jenee, another word, that of nature,” is assoctatad, 
Tf used in conjunction with the others, it is but 
too often used in aw totally subordinate sense, simply 
becuse in the popalaraimind it occupies but a very 
subordinate placa. When we talk of the wonders of 
science, When we indulge dn statements of what the 
arts have done forus, we associate with the Germs a 
wide army of facts around us on whieh we prently 
pride ourselves as the practicnl product of the one or 
the other. or of both combined, as they often are 
combined, ax evidenced in the phrase now so familiar 
to us l= Art manufactures.” But whon wo talk 
of the powers of nature, we have but Very Viyrie 
and indeterminate notions of what those powers are, 
Popularly, indeed, it my be said that they are looked 
upon, wt the best, but ws powers of no great practical 
value, wid ussocinted chiefly with the everyday pheno- 
mena of what ure called natural circumstances or 
occurrences, such as rain, Wind, thunder, sunshine and 
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clouds. And to those who have listened to a lecture 
upon science fo called, and to a bright-coloured expv- 
sition of what art is capable of and can do for us, 
it would be a matter of no great surprise to be told 
that upon the laws of nature all science depended; to 
this they would give an enxy sort of general consent, 
not caring much, at Jenst, to dispute the statement, 
But it would be a matter to them of very great sur- 
prise indeed to be told that all of the complicated, aa 
well as the wide, almost endless, range of simpler, but 
in their way as useful, mechanical appliances depended 
upon those very “ laws of nature” of which they bad 
taken but little account. 


Apparent Infinity or Endless Number of the Laws regulating 
and controlling Natural Phenomena. 

While others would, however, having formed a 
more accurate notion of how things really are in ihe 
relation of nature to science or the work of min 
generally—for in the truest sense of the term all 
man’s work is acientifie—be dixpoxed to necede to the 
truth here stated, they would, as a rule, be apt to 
associate with the term or phrase “laws of nature” 
—to which they would be willing to aceede the greatest 
power and influence in all that concerned man’s 
natural exixtence—the idea that these laws were so 
numerous ax to bo quite bewildering, und that if a 
knowledge could be obtained of them its acquirement 
would bo the Inbour of a lifetime. This conception, 
Which may be suid to be the popular one, may casily 
enough be accounted for when we consider the fact 
that the phenomena of nature, numerous and endless 
ns they apponr to bo and mm grent incasure are, are 
thomselves taken each individually as the exponent, so 
to say, of aseparate and distinct law, Thereure others 
who, having a more accurate view of how matters 
stand, would, however, ba ready enough to see that a 
gront number of what appeared to be separate and 
distinct phenomena might or could yet be classified 
aa derived from one law; so that possibly the whole 
of what are called natural phenomena or occurrences 
might be ranged under general laws but a few in 
ninubor, 


The Varied and Varying Phenomena surrounding us are all 
Bubject to but Two Great Laws of Nature. 

But they would be very much surprisod to be told 
that these laws are so few that to tell them off on the 
fingers of the hand these fingers would be so far 
from being exhausted that only two would be taken 
up, And this is really so; for each one of the inde- 
finitely varied and varying phenomena which we cull 
“natural” being one of the movements of what we call 
‘seience,” all the effects of what we designate “art” 
come under the effect of one or other of two Inws 
only, and which are therefore well and significantly 
called the two great laws of nature. What these laws 
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are, and what the phenomena which they exhibit, upon 
which the work of the mechanic depends, we shall see 
as we proceed. The mere bald statement or naming 
would at present serve rather to confuse than to make 
clear what can only be made so by # more systematic 
treatment and a greater closeness of detail. Suffice 
it here to say, as in itself & marvellous statement of 
what controls the wonders of nature, that upon the 
laws which promote the growth of planta, create 
the breezes which blow over them, and give to the 
moisture which rests upon their leaves the form of 
the dewdrop, depend not merely all the other “ pheno- 
mena” to which we give (somewhat wrongly, however, 
us we shall more fully see) the name of “ natural,” but 
the forces” which we call (as wrongly again) “ motive 
powers,” by which every machine we use is set to and 
kept in work, and every motion by which that work 
is dono, and all the distinct peculiarities and charac: 
teristics of the muterials of which the parts of the 
machine nre tande, and of the substances on which 
they operate, 
Tacaloulable'Value of the Material Work done by Man in 
availing of and applying the Great Natural Laws. 
What has been said materially modifies the popular 
conception that all the varied work of the machinist 
is the outcome of man’s own ability to design and to 
construct, as if ench were by itself a distinet and 
separate result of his intellectual power, having 1s 
own Jaws and its own characteristics as quite apart 
from some general law reguluting other departments 
of his work. Or this other conception, that while the 
laws of nature have had some share in the work, by 
far the larger proportion of it is due to man, and tho 
power of his mind and tho energy of his inherent 
natural powers. But while what we havo said docs 
thus materially modify popular conceptions, it does not 
lessen, but rather per contra enhunces the value of, 
as it certainly, rightly regarded, greatly increases the 
wonder at, what man has by the valuo of this mecha- 
nical work done for humanity at large, and—taking 
tt more limited and prevalent, if it be a more seltish 
view—for our own people, And of this work it would 
be almost impossible to employ laudatory terms so 
high that they would be called exaggerated. For, in 
truth, it is impossible to overestimate the value of 
what man has done in mechanical work; and so far 
from detracting from all we have said, it enormously 
enhances the value of it when we consider that it is 
all based upon two laws, numerous though the phe- 
nomena be which come out of or arise from or depend 
upon them. For if we remember the broad fact, 
which will be a little more particularised presently, 
that man hag had everything to find out in connection 
with the doing of what is called work upon which his 
very existence depends, and this from what existed 
around him, nothing of which, so to say, told its own 
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tale on the face of it, we may form some faint conception 
of what his work has been. We say faint conception, 
for it is only by endeavouring to trace out from the 
earliest times what man must have had to do before 
he could make even the smallest approach to the 
present condition of things, that we cun arrive at a 
fair idea of the value of the work he has succeeded 
in doing. 

General Character of the Work done by Man.--Its Primary 

Element. 

And all this which man has done for himself, 
reduced to its simplest, to its primary or essential 
elements, may be, as indeed it is most accurately, 
defined as “work to be done.” And this by availing 
himself of the laws of nature, through certain adaptu- 
tions of material substances, to which certain forms 
have been given. What this adaptation demanded 
from man is, may in some: measure be understood 
from what we have snid—that he had everything to 
learn concerning what he was surrounded by. In 
the minds of many, even of some of those who are 
really skilful mechanics, so far at lewt as construction 
is concerned, the adaptation of the laws of nature to 
the work of the machinist is only associated with the 
combinations of parts of the machines, with whit, 
nrea ealled their “movements,” and with the force 
or forces by which the motion of these parts is first 
erented or brought into existence, and then main- 
tained or supported so Jong as desired. It is by 
many forgotten and overlooked, and by not a few 
unknown, that the charncteristies or peculinrities of 
what are called materials—the parts, in fact, which 
distinguish one object from another, which tell man 
that one material is different from another—depend 
equally upon the laws of nature which control and 
regulate forces and motions, So that of the very 
materials by which the simplest mechanical help 
he made was formed, he would at first be wholly 
ignorant. So also of the substances with which 
he had to deal, and the “elements,” as they were 
and still are called, by which he was surrounded. 
So accustomed are we to deal with all those in such 
an infinite varicty of ways, so completely do we make 
them subservient to our various wants and wishes, that 
it is difficult for the popular mind to understand how 
there could be any difficulty in knowing all about 
them, and how it actually took long ages of patient 
observation and of painful experience before man go 
a really practically available knowledge of them, And 
to some it will be a matter of great surprise to be 
told that of some of them we even yet, after all we 
have done, know but a little, and of others that all 
we do know of what they reully are is that we know 
nothing, and, so far as present appearances go, the 
oe the almost certainty is, that we shall never 

now. 
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A Knowledge of the Laws of Nature, and the Capability to apply 
them to his Practical Work, acquired by Man only after 
Centuries of Patient Observation and Experimenting. 


To put it paradoxically, we say, all that we do 
know is, that we know nothing, But this must not 
be misunderstood, Although we do not know what 
certain things are, we know what phenomena they 
exhibit, and, what is of infinitely greater importance 
to mankind, we know what they ean do for us, But 
to get to the knowledge of all this is just what har 
constituted the work of man in muking the laws of 
nature subservient to his purposes when applied in 
certain ways, and adapted, xo to speak, to cortain 
circumstances, Thus, wo talk about that to which wo 
give the name of fight; but the ablest and the most 
neute of our scientific men, if asked to say or explain 
what it ik, ix obliged to confess that all he knows 
about it is, that he knows nothing absolutely: there ix 
more thin ono theory on tho subject ; but as to which 
is the right one, all that can be said is, that much ean 
be said on both sides. But if asked, on the other 
hand, if he knows of its phenomena, or of the laws 
which regulate those, ho can point with pardonuble 
pride, as evidence of how much he does know of thom, 
to what by their aid man has dono with the telescope 
in revealing tho wonders of the infinite space of the 
heavens; the microscope in revenling: the no less 
marvellous wonders of the earth; to the lighthouse, 
and to the marvels of photography, and many other 
branches of man’s work. The sino with eleetricity : 
wo can but stand humbly aside, and when asked if 
we know what it is, confess that we know nothing. 
But we can, 1s in the case of light, point with satis: 
faction to what our knowledge of its phenomena and 
of the liuws on which they are dependent has enabled 
us todo in the marvels of tho cleetric telograph and 
the telephone; and it is difficult to suy what it will 
yel do fur mun ax a motive power. All this is no loss 
true of Aeat; and the work man can do with it 1s 
even more marvellous, as it is infinitely more diver: 
sified in its applications, than what ho has done 
with the agencios of light and of electricity. How 
all-pervading this agency or Jaw of heat ix, and how 
of it it may be suid that it is tho measure alike 
of inun’s life and of all the work he does, wo mutter 
how diversified it may be, and how thut heat, life, 
and work tay in sume sense be said to be synonymous 
or convertible terms, we shall see more clearly of we 
proceed to explain the two great causes on which all 
natural phenomena depend. 

But this urrival at knowledge of natural pheno- 
mena, and of the luws which regulate them, was 
gained only after centuries of putient observation and 
still more patient working and experimenting. So 
much accustomed are we to eve around us evidences 
multiplied a hundredfold of the work done by the 
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application of these laws, that we rarely give a 
thought to the fact that it took centuries in the 
history of man before he had accumulated a sufficient 
knowledge of the phenomena, and devised a variety 
of contrivances by which these Jawa were deduced, 
and their working illustrated. 

Every mechanic, for exumple, knows what is dono 
by taking advantage of the principle of atmospheric 
pressure—the very name of which, as even the most 
youthful atudent knows, indicates that it—the atmo- 
sphere or air—must be a substance or a body (to 
use a term which demands, and will heroafter receive 
from us, & fuller explanation, as it is air which plays 
an important part in all scientific disquisitions) which 
ix able to exercise a power or excrt an influence of a 
physical or matorial kind, Yet the young student 
may be surprixed to learn that for ages men lived 
in ignorance of this great truth or fect—so long a 
period, indved, of his history, that it 1s but little more 
than two hundred years ago since an Italinn dis- 
covered tho law which regulated atmospheric pressure, 
and oponed the way to that practical application of it 
of which we have an almost endless series of exempli- 
fications in our machines, instruments, and mechin- 
nical contrivances, 

The Work of the Practical Man dependent upon the Laws of 


Nature; long preceded in Early Times the Knowledge of 
the Theorist as to those Laws - Practical Exemplifications. 


And this very circumstance now noted is a curious 
exemplitication of n truth which so many overlook, 
and to which many have never given a thought 
namely, that as a rule the contrivanees of man 
actually put to do certain work, and which were in 
fuct dependent upon certain natural laws, have pre- 
ceded the labours of the man of scienee, by whom the 
lnwe have heen, so to say, sclentilically discovered nud 
enunciated upon which those phenomena depended, and 
in virtue of which thoso contrivances were succe «ful for 
the object had in view. Thus, for example, although 
man for ages knew nothing of the law reguluting 
the phenomena of the atmosphere, he had got so 
far acquainted with its peculinrities that, where 
prompted by his necossitivs, he had worked out the 
contrivance known as a “pump,” by which he could 
lift water to a height from a low level. In the working 
of this moxt useful contrivance, men knew that as the 
plunger was lifted or raised the water followed it closely, 
leaving no spice between. Why it did so they had no 
conception ; but as man is impelled by something within 
him ever to bo seeking for “ reasons why" (if the reader 
will but think it out, one of the wisest dispensations 
of an ever-wise Crentor for the advancement of man's 
civilization), he gave this as the reason for this action of 
the pump— namely, that “Nature abhorred a vacuum,” 
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that is, a space containing “ nothing,”"—which would 
have been the case had the plunger continued to rise 
in the barrel or tube of the pump without the water 
following it. When men—and the characteristic is 
as powerfully existent now as then—get hold of a 
renson which apparently satisfies the conditions, they 
readily enough accept it, and keep to it till some- 
thing turns up in the range of practice, compelling 
them either to modify it, or to abandon it and find 
some other os its substitute, And as supposition is 
always reyorted to when men in reality do not know 
what is the truth of the matter, they cnn but con- 
jecture only; and, conjecture being oasy, we find 
cnough of it has always been in oxistence, and no less 
exists now than in tho darker ages of man’s history, 
We can, therefore, in this mattor of the invention of 
the pump, easily enough conecive, from the very 
nature of the circumstances in which man in the 
early stages of his civilization was placed, tho difii- 
etulues he had to deal with in the employment of 
materials, his lack of tools to fashion nnd form them, 
that pumps would only be used for “ short lifts,” to 
uso a technical expression now commonly in use to 
denote the vertical height water is raised from a low 
to a high level. To mnke a long barrel, we may 
he certain, was for ages boyond the possibilities of 
mechanical work ; and it was only when the range of 
this had incroased that the reason for the action of 
a pump, which before satisfied men, had to be modi- 
fied, For it was about two hundred years ago that a 
pump larger than usual was filted up; but it was 
found that by no method of working it could the 
water be lifted, or “drawn up,” to uso a common 
expression, beyond a given height—thirty-four feet, 
A new reuson had then to be given for this new 
condition of things in the working of a pump, and it 
was 4 more modification of the old one—‘that Nature 
abhorred a vacuum, but on/y beyond heights or lifts of 
thirty-four feet.” This the youthful student will seo 
was only putting forward the dilliculty to some other 
point, and what that was, and when and how it would 
he reached, no one seemed to know or care, This mode 
of dealing with the difficulty—ncted upon not seldom, 
we may also say, even in these the days which wo so 
proudly call “ndvaneed”—did not. sntisty the “men of 
light and leading,” of whom fortunately more than 
one lived in the early times we write of, 1t did not 
satisfy one thinking mind, who by patient “thinking 
the matter out,” and by as carefully conducted ex- 
periments, discovered the law of atmospheric pressure, 
which at once set aside all conjectures and so-called 
reasons, and cstublished a branch of science—truly so 
named—which has been of such wonderful benefit to 
wankind, 
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16, Belting and Gearing as Transmitters of Power. 
Trosz who have had opportunities to see machines 
at work in which toothed-whocl gearing is wholly 
employed for the transmission of power or the 
communication of motion, are aware that their 
working ix always uccompanied with a greater or less 
amount of noise and jarring, and that this, even where 
the best of work is met with, is always more or less 
perceptible, In the case of belting and rope driving 
gear the most noticenble feature to the inexperienced 
is the quictness with which the belt or rope travels 
even when travelling at grent velocities, And even 
to those of thus chiuss it is at the first obvious that 
toothed-wheel gearing, in mder to work with the 
maximum of good meelmanienl effect, will require to 
be designed and constructed with a higher degree of 
mechanical care and knowledge; in other words, that 
it will ben more complicated work to apply it to the 
dviving of machinery than to apply belts and ropes 
to effect the same purpose, which even to the tyro 
in mechanies convey at oneo to his mind the idea of 
simplicity alike in principle and its modes of practical 
application, Nor less easy will it be for him to decide 
that toothed-wheel yearing is not applicable to the 
driving of machines at the very great velocities which 
he sees to be the characteristic feature of so wide n 
varicty of modern machines. 


17. Peculiar Features of Belting as a Transmitter of Power. 

In the technical language of practical mechanics 
the toothed wheel or the pulley which gives the 
wotion is called the “driver,” that which receives 
it the “driven.” Wherever in machines of any kind 
there is to be a precise proportion between the 
speed or surface velocity of the “driver” and the 
“driven” maintained — that is, where the driven 
must turn or revolve so many times, either greater 
or fewer than the driver, but always in the sume 
proportion—-then the toothed-wheel gearing must 
be employed. In the case of belt and rope gearing 
this precixe, definite, or exact proportion cannot 
be secured, not mercly because it is not practicable 
to construct the pulleys with the absolutely perfect 
relative proportions required, but beeuuse from 
the very nature of the way in which the motion of 


one is imparted to the other through the medium of 
the belt, which is due to the frictional adhesion of 
its surface and that of the pulley, a certain amount of 
“slip” takes place, which may be small in amount 
and uncertain in action, But in the great majority of 
instances the slight or comparatively slight variations 
in tho relative velocities of the driving and driven 
parts are of no practical moment, so that beli aud repo 
gearing ix applicable; heneo the intinitely greater 
number of cases in which thes systems are employed, as 
eompared with the more complicated system and the 
lows smooth and ensy working of toothed-wheel gearing. 
18, Relation of the Belt to the Driving Pulley.—Coming off of 
the Bolt in Working.— Points connected with it. 

Taking into consideration the fact that the dviving 
belt is flat on its surface, it might be supposed that it 
would “run” best upon a pulley the surfave of which 
wis also flat—that is, in which the fieo was a straight 
line at any point across the surface of ils periphery or 
ring, The young incehanic will of course widerstand 
that a “pulley? in driving gear consixts of a ring, or 
What is known popularly asa hoop ov rim of greater 
or less breadth, and which is connected with its centre 
ov “boss,” through which the shaft passes, and to 
which it ix secured by arg -also popularly known as 
spokos—and in Lhe easeof small-dinmetered pulleys with 
a thin plate or dise, known technically as the “web,” 
the whole being cast in one pices. The surface or face 
of the tim or hoop is of course at right angles to what 
may be called the sides of the pulley, We hive said 
that at first sight it would appear that if this surface 
were w perfeetly straight line aeross it, bhe belt would 
run best, secing that its surface is also strnight---the 
two flat surfaces being then in contact at all points, 
being parallel, And us the efficiency of belt driving 
gear depends not only upon the speed with which the 
pulley revolves, but. upon the adhesion between tho 
surface of its rim or hoop and the helt passed round 
it, it would appear that this adhesion, or “ grip” ax 
mechanics term it, will be better attained when there 
ix parallelisin between the two surfaces— that of the 
belt and the rim—than when the belt: touches or runs 
upon part only of the rim— so much of the grip due to 
the whole surfaces being thus in the latter case obviously 
lost. But those who have lad inuch to do with belt 
driving gear know the trouble which often arises from 
the belt coming off the pulley. ‘Phis coming off from 
isa different thing from the slipping of the belt on 
the pulley, which slipping will be noticed presertly. 
Now-—and this it will be perceived, is quite opposed to 
the above consideration, which way be snid to be the 
theoretienl condition of a pulley surface and that of the 
belt—in practice it is found that this coming off of the 
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belt during the running is provented by having the rim 
of the pulley made convex—that is, with a rise or 
swell in the centre of its breadth. Tho convexity is 
of course precisely in the centre of the breadth of the 
rim of pulley, and gradually and uniformly on both 
sides curves down to the sides or edges, In other 
words, taking a cross or transverse section of the rim 
or periphery of the pulloy, it forma part of a circle on 
the outsida surface. The pulley rim or hoop may thus 
be considered as x double cone, the highest part of the 
cones—right and left-~meeting in the centre. Ina 
pulley thus formed, it is found that a driving belt has 
n tondency always to run on and creep up, so to say, to 
the highest part of the convex rim-—that is, towards 
its centre, and therefore to keop on, not to slip from 
off the pulley. No end of theories huve heon offered 
to account for this tendency, but the practical man is 
quite content to know that it exists as a fact, and it 
ix with facts, not with theories about them, that he 
ix alxo generally sntisfied, But it is always best to 
know the reason why of things; and theory, beyond 
nny doubt, has often led to the discovery and estale 
lishment of practical facts or circumstances. The 
exact reason why adriving belt has always a tendency 
to run on tho highest point of the pulley rim cannot 
he xtated, simply because it is not known; but the 
following, of all tho explanations given or theories 
formed, is perhaps the best. As we havo suid, the 
convex surface may be considered as a double cone— 
wv right and a left cone—the outer edge of onch cone 
corresponding in position to the outer edge of tho 
driving belt, Now, “that edgo of the belt which is 
towards the larger end of the cone” (that is, we may 
remark, towards the centre of the riin where the two 
largo ends of the cones meot) “is moro rmpidly 
drawn than the other edge” (that is, has its velocity 
onwards greater), and “in consequence of this, the 
ndvancing part of the belt is thrown (or drawn) in 
the direction of the larger part of the cone (that is, 
towards the centre of the rim); which obliquity of 
advance towards tho cone must lead the belt on to 
its higher part.” But this convexity given to the 
pulley rim has, in nddition to its great use in keeping 
the belt on the pulley during its driving, another 
ndvantage which it is right to notice. 


19, Grip of the Belt upon the Pulley.—Its Relation to the 
Convexity of the Rim or Hoop. 


We have said that the way in which the power 
ix communicated from one pulley to another—that 
ix, from one ranchine to another, or from the main 
driving power or motor to any given point—is due to 
the “grip” which the belt takes of the pulley, or, 
conversely, the pulley of the belt. But this very 
grip, which constitutes the value of the belt driving 
aystem, is in itself a source of safety in using the 
power as well as in giving the power itself, For 
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should anything occur in the working of the machinery 
driven by the belt or belts which throws such an 
additional strain upon the parts that damage might 
follow if the strain by the continued driving were 
kept up—tho strain being so great, it overpowers, 80 
to say, the “grip” or frictional adhesion between 
the belt and the pulley. And the result is that 
while the pulley continues to revolve or “run,” it 
simply revolves within the belt, and does not grip it 
—tho adhesion not being able to overeome the strain 
upon the belt. This, of course, happens at both 
pulleys—the driven and the driving—so that the 
driven pulley no longer has any grip upon the belt, 
and thus the machine ceases to work well. The break- 
down is thus prevented which otherwise might have 
taken place had the power been kept up while the 
extra strain on the machine existed. Now here comes 
in the other peculiarity of the convex surface of the 
pulley rin ; for it is found that when the resistanco 
to the working of a machine increases to a dangerous 
point, the tendency of the swell or convexity is no 
longer to keep the belt on, as we have seen that it is 
under normal or safe conditions of working, but on 
the contrary to throw it off. So that in belt driving 
we have thus two safety sources in cases where extra 
resistance is increused—thut is, beyond the safe work- 
ing point of the machinery, and where the pulley 
moves round without dragging the belt, or where, to 
uxo the technical phrase, the “belt slips.” While 
giving purposely a convexity to the outer surface of 
the rims of pulleys for the purpose wo have named, 
the young mechanie should be careful to givo only 
the minimum or requisite degree. For it should 
be remembered that all deviation from-the perfectly 
flat or straight-lined rim surface brings about a loss 
of power, the theoretical form of the pulley being a 
eylinder in which the diameter is equal at all points. 
It is tho object, therefore, to know what percentage 
the “rise” or convexity of the rim should bear to 
its brendth or distance from edye to edge, Severil 
authorities are found who have recorded their views 
on this point; and it need not be o matter of surprise 
to learn that thore is some diversity between the 
proportions they recommend. This, howevor, is not 
so great as exists in other mechanical points, Thus 
the proportion of rise or convexity varies with those 
authorities from one-eighth to one-tenth of the 
breadth of face of rim. A rise of one-twelfth may 
be taken asa safe proportion, This will give a rise 
of two-eighths or a quarter of an inch for every six 
inches of breadth, or, using tho ordinary standard 
of « foot, half an inch to the foot, Some authorities 
give, however, mach leas than this—so much less 
that they only allow one-fourth of it, or an eighth of 
an inch to the foot. This we believe to be far below 
the safe proportion, and would recommend the half-inc} 
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to the foot as being the best; it ia at least based on 
an investigation of a great number of successfully 
driven or driving pulleys. In our next Note we shall 
go into other points connected with the pulley. 

20, Ornament in Relation to Particular Applications—. 

Fitness, Appropriateness. 

In thinking over the application of ornament to the 
“beautifying” of objects manufactured or made or 
constructed, the art student should carefully consider 
what is the work he is proposing to do, It is essen- 
tially necessary to remember this; that any particular 
class or style of ornamentation, or any one design, 
may be in itself beautiful,—that considered simply 
as & design it may he, so to suy, very attractive und 
lovely,—and yet that it may, when applied to any 
one particular purpose, be so ill adapted to it, that 
the incongruity between the ornament and tho object 
ornamented will be so startling and offensive, that 
all sense of the beautiful which the ornament per ee 
or by itself is calenlated to crente, will be lost, or 
largely so, In such n caso it is at once seen that 
there is a lack of “fitness”—in other words, that 
the design is not “appropriate” to the object, or the 
converse, the result in either case heing practically the 
same—nn incongruous object. No doubt, a ‘certain 
degree of educated taste, or amount of art knowledge 
and experience in art decoration, is required to enable 
one at once and with accuracy to decide thit a 
given design or piece of ornament is unfitted for a 
certain object, even in cases where tho incongruity 
will not be observable to a less carefully trained oye. 
Still it is but too true that tho instances are vory 
numerous indeed in which the incongruity between 
the object considered in relation to itn uses, and the 
ornament by which it is decorated or beautified—so 
called—is so great and so marked or pronounced that 
it strikes even those who are ignorant of any of the 
points of art education. They are clearly conscious 
that the object is not beautified, ulthough they 
may not be able to point out the reasons why it 
in not decorated in the true or art sense of the 
term. It may be accepted as o rule having few 
exceptions, if indeed it has one oxception, that there 
is, for any particular object which is to bo beautitied 
or decorated by ornument, one particular style or class 
of ornament which is fitted for or appropriate to the 
object—this and no other—so that it would be un- 
fitted for or inuppropriate to any other object or use. 
The art student wil] perceive, on consideration, that 
this truth or axiom lies at the root of all art “design,” 
for it obviously implies that thought, without which 
there can be no design in the true sense of the term, 
must be given to each particular case. For as each 
varies in its peculiarities—one class of constructed or 
manufactured work being quite different in ita cha- 
racteristica from another—each will demand, on the 
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principle we have set forth, its own design which shall 
be fitted to or appropriate for it, since it is tho 
exercive of skill, or rather of art ability, possessed by 
the designer which decides whether his design is 
perfect or otherwise. This thinking out of tho design, 
when carefully and honestly pursued, is tho only way 
to avoid the glaring mistakes which are but too fre- 
quently made in applying ornament to manufactured 
or constructed objects. There are certain rules or 
leading principles which apply to this inherently 
valuable principlo in design, fitness or appropriateness 
ov cougruity in relation to various manufactured or 
constructed objects. These may be said to cover tho 
whole subject of art design, and to them will he devoted 
future occasional notes in this sovtion or division. 
21, Ensilage, 

We prefaco the practical notes we purpose from 
timo to time giving on this subject, which is one 
engrossing the attention of the farming publie, by 
tho following brief statement of the general features 
of the system,—The principle involved is the placing 
of green eut food, us grass and other sueendent farm 
produce, in va aimass, so that the external air is oxeluded 
from penetrating to and passing theough the produce, 
and falling rain or snow from reaching it from above, 
and drainnge water from the sides and bottom. The 
first. of theso points includes tho close packing of the 
material, and the placing of it in a water-tight and 
roof-covered receptacle. This principle is: familiarly 
lustrated in the domestic tin box or jar with close- 
fitting cover, in which tea or coffee or other substance 
of which it is desired to preserve the wronn is sLored 
to keep it dry; more closely in the case of the domestic 
jen or preserve pot, and still more accurately in the 
case of the German inode of preserving cabbages 
known as sauer kraut. But the earrying out of the 
principle on the large sealo in the farm is w matter of 
considerable difficulty, and involves the considermtion 
of several constructive details, about which there is 
considerable diversity of opinion, This is not to he 
wondered at when wo take into account the varying 
circumstances under which those who have adopted 
this system of preserving green cut food have had 
to adapt their constructive appliances; and how the 
experience of one farmer in a certain locality muy 
hive afforded facts differing so much from those 
obtained by another farmer in a difforent locality that 
the results of the two would scem to lead to conclusions 
altogether antagonistic, But this contrariety is only 
apparent, merely affecting sundry details, and in no 
way touching the inherent principle of the system. 

In taking up ita practical details, the first point 
to be considered is the way to prepare the receptacle 
for contuining the cut food, and which we have seen 
must practically be air-tight and water-tight, but, of 
course, not absolutely #0, ‘The simplest form of con- 
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taining receptacle is obviously a pit dug in the soil— 
this being the first form in which the silo was made, and 
which may be looked upon as the primary or elementary 
one, But while the casiest mode and the cheapest, it 
is obviously very incomplete, The bottom and the 
interior surfaces would, according to the nature of the 
soil, make the portions of cut food pressed up against 
them moro or less dirty and unfitted for feeding cnttle 
with ; although on this point it may bo snid, ns over- 
coming this objection to a large extent, that cattle 
and horses when out at pasture do and must take up 
with the grass considerable portions of soil or carth, 
Somo farmers, believing that tho soil passing into the 
stomach in this naturn) way is good for the animals, 
object to washing turnips, for example, preferring to 
give them tothe stock just as they come from the field 
or the pit, with such soil as may naturally adhere to the 
roots. We name this as showing the technienl student 
that points in practices should be looked at in different 
wiys, and that it is dangerous to be dogmatie. Dut 
if a preserving pit, dug in the simple way we have 
deseribed, bo not objectionable on account. of the point 
we have now stated, it is obvious that it will be so 
on account of its uot fulfilling the requirement of 
being water-tight; for the sides or inner surfaces 
will act im grout measure as draining surfaces, leading 
the water present in the soil for somo considerable 
distance round the excavation to its interior The 
pit under ordinary circumstances would, in point of 
fuct, act very much as “trial pits” in drainnge works ; 
and would ultimately become filled with the water 
penetrating through the soil of its sides, or welling 
up through that. of its bottom. No doubt it would 
be found in practice that this untoward result would 
bo relative and conditional, dependent upon the 
nature of the soil in which the excavation is made 
or pit dug. Ina loose, friable, or light soil, the mere 
surface water or rain falling in tho immediate neigh- 
bourhood of the pit would pass downwards and drain 
rapidly into its interior, to sny nothing of such water 
as might not be arrested by the ordinary tube or tile 
drainage (sco “The Land Drainer”) of the ficld in 
which the silo pit is dug. But in heavy, close and 
retentive clays the drainugo into tho interior or the 
percolation of the water through the sides of the pit 
would be much less in an equal space of time as 
compnred with the pit in the light and porous soils. 
Yet the pit, even in such close retentive clays, would 
still be fur from meeting the requirements of a 
good silo, for if the reader will turn to the paper 
entitled “Tho Land Drainer ” he will find that water 
will find its way through even the denscat of clays, 
and that even where the excayntion, as a drain 
cutting, is very deop, 

To meet, then, the requirementa as shadowed forth 
in ow statement of the principles of the silo, it ix 
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obvious that its sides and bottom must be, at least 
in large measure, water-tight ; so that drainage water 
shall not be permitted to puss into the interior. 
‘here is a wide variety of ways in which this can be 
done. The most simple of all is to line the bottom 
and sides with boarding or planks; in the placing of 
which some thought is necessary. If laid edge to 
edge, the joints ut the junction of contiguous planks 
will be pretty open, even if the edges be dressed with 
the machine or planed by hand. And if, to got a more 
water-tight joint than this, the boards are made to 
overlnp at one edge, care must be tuken to place the 
boards vertically ut the sides. If they be laid hori- 
zontully, the young technical render will perccive that 
as the green cut food is pressed down into the pit-— 
and, 18 we shall xee, great pressure is demanded—the 
“overlaps” at the edges of the bonrds will form a very 
uneven surface for the gieen cut food to slide down 
over, And if, nx the very worst way in which to place 
the lining bonrds at the sides of the pit, this “ over- 
lnp” is made with the upper edge of the lowest board 
covering the lower edge of the board immediately 
ubove, & series of projecting shelves, so to call them, 
will be formed, each of which will be un opposing 
surfnco to the casy pressure of the green cut food 
as it ik pressed down into the silos. We name theso 
points, as wo for obvious reasons wish to get the 
young technical student to think for himself about 
points which aflect the doing of work of al) kinds, ns 
well us to become acquainted with the details of uny 
special subjout, It is to be remembered that our work 
has for its aim not merely to be descriptive, but to be 
educationnl—not simply to show the details of some 
special work, but to explain the principles which affect 
all work generally, In our next Note we shall take up 
some of the remaining points of the ensilage system. 
22. Non-pojsonous White Pigments. 

White lend still remains, as was referred to in 
a preceding Note (13), notwithstanding all that has 
beon said of its poisonous propertics, the most useful 
of pigment paints, and the most extensively used, 
Several substitutes of » non-poisonous nature have 
been tried, with more or less success in certain 
cases. For most purposes, however, white lead has 
not yet been equalled; all its substitutes posseas less 
body ” or solidity and brilliance of colour, 

Another disadvantage possessed by white lead con- 
sidered os a paint is its property of blackening on 
coming in contact with sulphuretted hydrogen, as 
contained in coal gas and other sources, such as 
sewage, In the case of fine artists’ colours this 
ig & very serious disadvantage, and in most cases 
it precludes its use altogether in artists’ colours. 
Both these disadvantages are absent in the white 
pigments which to a certain extent replace white 
lead, and which are moreover cheaper than the latter 
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—namely, sulphate of baryta, and zine white or oxido 
of zinc. Both of these pigments are, however, much 
inferior to white lead in covering power or body, 
whilst they are no better as regards whiteness, Of 
these two lutter pigments zine white is more valuable 
asa paint than burytu, and is more extensively used 
than the latter. White lead, cheap though it is, is 
liable to be adulterated with sulphate of baryta, 
und its value thereby decreased; this may readily be 
detected by treating a small portion of the sumple 
with strong nitric acid: pure white lead dissolves 
completely to u colourless solution, that mixed with 
baryta white lenves a whito residue of the latter 
pigment, 

23. To caloulate the Contents of Cisterns or of Iron Tanks, 

Quite recently this happened in one of our largest 
and best-condueted establishments, carrying: on one 
of the most important departments of — textile 
industry. QOne of the staff of uppor ofticials, a man 
of eminently scientific attainments, was going round 
the works with o specin) object in view. Tis atten- 
tion was attracted to threes men, two of whom were 
sturdily emptying a large iron tank or cistern co- 
taining water, ong of tho three checking off ench 
time the vessel for baling out was filled, Struck 
with the business-like way in which so common and 
what seemed purposeless an operation as this was 
earricd on, the ofticind waited the few minutes neces- 
sury to complete the emptying of the tank, He then 
inquired of the third man, who happened to be a 
foreman or overlooker of a certain class of work, 
what the object of the process was, As if surprised 
at so unnecessary 1 question being put, he answered, 
“Why, to know how many gallons the tank held,” 
looking very much as if he would have liked—had 
he dared—to have added, “Now then, stoopid !” 
“Do you know the size of the tank?” = “Qh yes,” 
replied the foreman, and forthwith rattled off the 
dimensions, Taking out his memorandum-book, the 
official scribbled uo few figures, tore off’ part of the 
leaf, and handing it to the foreman said, “That gives 
the number of gullons the tank cnn hold. Ts the 
number the same as you have made it out?” Allow- 
ing for some difference in the filling of the emptying 
vessel and for “slops,” the results were practically 
the same, The overlooker was somewhat surprised 
nt the result, but seemed o little ashamed when asked 
if he was not acquainted with suchlike rules or 
methods for ascertaining facts nseful to him in his 
daily work much more quickly and indeed accurately 
than by the* use of rule-of-thumb methods. Now, 
although we are far from saying that such is the 
general technical educational condition of many 
foremen or workmen in superior positions, there is 
no doubt that there are not a few throughout the 
kingdom who trust only to such roundabout methods 
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of doing work; while there is still less doubt that 
this is the technieal educational condition of a grent 
number of ordinary or journeyman workers, We 
purposely cite the enxe as here given, but we could 
parallel it with enses drawn from many branches of 
technienl and industrial work—as, for example, these. 
A decorative artist, who thoroughly know the scien: 
tifie points of his work, made an old grey-henaded 
painter stare when he told hin that he would. find 
the result of a certain mixture of colours to be such 
as he—tho old painter—asserted roundly could not 
possibly be, “As if T, who have been painting and 
working with paints for the lust sixty years, weren't 
likely to know!" But for all that ho did not, No 
more than a practical workman - a foreman, moreover 
—in one of our largest dyeing and printing estab- 
lishments, who also had grown grey in the servie of 
tho works, knew why or how jt) was that a certain 
mixture of substances would give a certain shade of 
colour or dye, or Aow it was that a slight variation tn 
in the substances, or the addition of a certain other 
substance in even the smallest quantity, would eom- 
pletely alter the shade, Tle knew--no one better— 
what certain work would give, and all the details 
ns to the doing of its but groping, as in the dark, 
knowing nothing and not caring fo know uything 
about the “reasons why,” he had never been able 
to stigeest anything which added to the working 
enpability of his departinent.  Mvery improvement 
in it had originated with men to whom he would 
have denied the right to be enlled © practionl.” 
Weare not likely in the future to preface any of our 
facts, figures, or memornnda with anecdotal matter, 
such as that we have now given. But we do tt, now 
—and very probably onee for all as it isa graphic 
way of “hitting a blot,” or showing a thoroughly 
“wouk point” in the eondition of many of our 
dechnicnl and industrial workers, Mngaged as thoy 
ure from day to day in’ work which they cinnot 
possibly ba ignorant jins derived every improvement, 
every new process, every new apparatus or kind of 
machinery from men of science the very class they 
are so disposed to look down upon as not practical—the 
real marvel ix that they should have so worked on for 
years without sume desire to know something of those 
ences to which as mere workers for wages thoy 
owed so much, In their foremen, their managers, 
and in the heads of their establishments, thay have 
bevond all manner of doubt examples of men who 
have risen to those positions largely, if not chiefly, by 
the fact that in addition to the usual qualities of 
prudence, steadiness, and close attention to work, 
they have studied the principles wpon which the 
paying practice of that work depends, And it ix no 
less a marvel that so many should nevertheless have 
shown #0 little desire to avail themselves in like fashion 
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of this power of progression in life. That things are 
becoming every day different to this, is matter for the 
highest gratification to those who are truly interested 
in tho progress of technicul and industriul work, and in 
the advancement of the position of those who carry it 
out practically in our workshops and factories. We 
trust that in this great object of the future our Work 
will play an important, at Jenst a highly ureful part. 
Let us turn to the subject named in the title of our 
paragraph, after this introduction, the length of which 
will not be lost if it should prove practically suggestive 
to some at least of our renders, (4) Jo find the number 
of gallons which a cistern or tank of given dimensions 
or sizo will hold or contain, Reduce the dimensions 
if in feet, or in feet and inches, to inches; as 9 feet 
6 inches, thus 9 x 12 4+ 6 = 114 inches; then 
multiply the length, breadth, and depth, this taken 
in inches, into ench other—that is, the length multi- 
plied hy the width, and the result, or quotient, multi- 
plied by the depth. The final resuit will be the 
number of cubic inches contained within the dimen- 
kions of the tank, As there are 277), or 277:25 
eubie inchos ina gallon, divide the result or quotient 
Just found by 277-25, which will give the number of 
giullons the tank contains, (8) To find the number 
of cubic feet, or the cupacity—frequently termed the 
cubic capacity—in a tank or cistern of given dimen- 
sink, Ax before, reduce all the measurements in feet, 
or in feet and inches, to inches; multiply length 
breadth, and depth into each other, nnd divide the 
result, which ix cubie inches as before, hy 1728—the 
number of cubie inches in a feot—the quotient wil 
be the number of cubic feet required, And as there 
are Gf gullons of water in a cubic foot, the number 
of gullons will be found by multiplying the cubie feat 
by 64. Thus this method mny be used as a proof of 
the correctness of the cnleulation (a), Tn some cnses 
a tunk or cistern may have to be fitted up in order to 
contuin a certain number of gallons in a space of which 
the Jongth and width are definite and must be adhered 
to, but of which there ia no limit to the depth. This 
rule, then, may be employed to nscertain the depth 
under these conditions, (0) ‘Take the number of 
gullons the tank or cistern has to hold, and multiply it 
by 277°25; divide the product by the length in inches ; 
this multiplied by the width in inches, the result or 
quotient is the depth in inches. The conditions under 
which the tank or cistern Is to be fitted up to contain 
n certain number of gallons may be such that, the 
longth and depth being definite or fixed, there is 
umple space for width. In this case the following 
rule may be used. (p) Take the number of gallons 
and multiply it by 277-25, as before; divide the 
product by the length in inches multiplied by the 
depth in inches: the quotient will give the width in 
inches, Finally, the conditions may be such that, the 
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width and depth being definite or fixed, and the 
number of gallons known, the length of the tank or 
cistern is required. Then in this case—(z) Multiply 
tho number of gallons by 277°25, divide by the width 
in inches multiplied by the depth; the quotient is the 
length in inches, Taking the letter (7) to denote in the 
above the length, (w) the width, and (d) the depth, 
(0) the constant 277:25, (p) the constant 1728, 
(#) the number of gullons, and (¢) the number of cubic 
feet, then the rules numed above may be represented 
by the following formule :— 

(a). (2) x (w) x (d) + (0) = (8). 

(n). (0) x (w) x (d) + (p) = (t). 

(x). (8) x (0) + (0) x (w) = (a). 

(vp). (#) x (0) & (1) x (a) = (wv), 

(zu). (#) x (0) + (w) x (d) = (2). 
(F) In cnses where the tank or cistern does not rest upon 
the ground or a solid foundation, but is supported by 
boums or upon columns or pillars, it will be necessary 
to know the weight of the tank with its load of 
witer—-one of the data required to ascertain the 
dimensions of the beums or columns, This total Joad 
will be made up of the weight of the tank or cistern 
itself when empty, and the water it holds when full. 
The methods of culeulating the weight of the empty 
dunk will form the subject of a future Note, and 
the euleulation also required to ascertain dimonsions 
of beams or columns, We have now to concern our 
selves only with the weight of the water. The 
number of gallons being known or ascertained by the 
rule (A), this is to be multiplied by 10, the number of 
pounds’ weight of a gallon of water-—presuming this 
to be the liquid stored up. The product must then 
be divided by 2240, to reduce it to tons; the remainder 
by 112, for the ewts.; tho remainder by 28, for the 
quarters; and the final remainder will givo the pounds ; 
the result in tons, ewts., quarters, and pounds will 
thus be obtained. N.B,—It will be observed that the 
above rules refer to tanks or cisterns quadrangular 
or rectangular in form or section; those applicable 
to tunks cireular or round in section or form will be 
given in a future Note, 


24, Dimensions of Flots or Parcels of Land to make up 
an Area of One Statute or Imperial Acre, 
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Mileage of Railways.—A very striking statement was 
recently made by Mr, Webb, at the luncheon at Crewe by 
the Railway Company, to “The Iron and Steel Institute.” 
He said: ‘It may interest some of the members of the Iron 
and Steal Institute to know that our mileage to-day is over 
48,000,000 miles” (that is, more than half the distanco 
of the sun from the carth), ‘'Going into days, hours, 
and minutes, that means 131,520 miles a day, 5,480 milos 
per hour, 94 miles a minute, and 14 miles ovory socond 
of time, This, gentlemen, will represent a journey round 
the world about every four hours; and I am glad to aay 
that our machinery is so perfect that we can go round 
the world an average of throe times without losing either 
a split pin ora cotter.” Wo have been accustomed to con- 
sider astronomy as the scicnco of magnificent distances ; 


Electricity Packed for Removal],—Mr, Bonger 
Spence and M. de Lalande have introduced a new 
method of electric lighting which promises great: things, 
not only in the way of illumination, but as supplying 
a source of power in the most compact possible fashion, 
One writer, deacribing the new invention, says, “You may 
buy your electricity from tho factory in a box, us you 
would tea, and you can use it without difficulty cither for 
lighting or motive power.” A 40-Ib, battery will, we are 
told, drive a tricycle for a thousand milos at the rate of 
eight miles an hour; and the power can bo turned off as 
onsily as gas. Tricycling is alroady a very popular amuse- 
ment, but it will be porfectly delightful if we can bowl 
along at a pleasant rate of spood, and without the tiring 
und cortainly (in the caso of ladics especially) ungracoful 


henceforth we must admit that railway engineering has 


sonie claim to the title. 


work with the treadles, 


Timo will show, howover, 


whether this dream is to be realised or not. 





Sin—T read in tha newspapers a few 
days kinice the report of a conference of 
members of the Artisaus’ Technical Asso- 
ciation with employers and workera in 
various trades, The Rev. TH, Solly, lung 
known af an earnest nivocate of every 
effort to really improve the social and in- 
tellectual status of the working-man, said 
“that now the apprenticeship system was, 
in many instances, practically dead, it 
was nocersary, if British industries were to 
hold their own against foreign cumpe: 
filion, that young men under twenty-one 
should be compulsorily required to attend 
classes whore they could Jearn tha tech- 
nology of their trades, the employers 
affording facilities for this purpose. Trades 
unions might aid the work by insisting 
that those who were admitted to their 
lodges should give proof of their know- 
ledge of the techniculities of their trade." 
], who have bad some experience of work- 
shop life, fear that our excellent friend is 
not quite so well informed as to the dispo- 
sition of employers and members of trades 
unions as he might be. His suggestion 
reads well, but at present, ot least, is not 
very likely, except In some very rare cases, 
to bear fruit. A vast number of employers 
take young boys into their workshops noml- 
nally as apprentices to learn the trade, but 
actually because boy labour is cheaper than 
man labour. The lad is kept close at work 
in one of the branches of the business, 
and passes his seven years in almost also- 
lute ignorance of every other branch, 
unless his own will and intelligence in- 
duce him to keep his eycs open, and pick 
up here and there a bit of Information, 
These boys are frequently paid, after the 
firat year or 80, on the piece-work system, 
at the rate of one-half or two-thirds of 
the standard of wages for men, Limited 
as the nature of their work is, they be- 
come fairly expert—that is, expert cnough 
in the production of the “shoddy " work 
the master ia content to produce ; and at 
the end of their apprenticeship are turned 
out on the trade with the smallest pos- 
sible amount of acquaintance with the 
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handicraft they are supposed to have been 
taught—only able to do one thing—and 
other boys take their places. In my own 
cane, 1 was presumubly taught the busi- 
noss of & letter-pross printer, There was 
something in my indenture of apprentice: 
ship about “art and mystery," if I re: 
member tightly, Twas put to “ case "— 
Chat is, picking up the types, In due time 
Twas puld balf the regular wages, then 
OQ little more, So long as J could hustle 
together a gool number of lines—and 1 
cunld soon do that-my employer was 
salisfied. What on carth did he care 
about my obtaining a fair knowledge of 
the various departments of a rather com- 
plex business?) When my time was up, J 
was & tulerably good type-setter, but very 
little more. J knew nothing, for I was 
taught nothing, about press of machine 
work, the sizes and quality of paper, the 
composition and relative value of dif: 
ferent kinds of ink, or a dozen other 
Matters which o printer ought to be ac- 
quainted with. Thaveseen “ young men 
from the country,” and from London 
offices too, unable even to arrange the 
pages of type so that when printed the 
sheet wow. fold properly. (avoid such 
technical terms us “imposition,” whieh 
would, perhaps, not be understood hy 
your readers who are not printers.) Many 
youths are act to work on newspapers, and 
[soa suven years in Ketting up line after 
ine, but know no more of bookwork or 
“Jobbing “=that is, displaying bills and 
broadsidea-—-than they do of Euelid's 
Elements. Iam not here concerned with 
the question of tradea unions, cither fur 
or against, and much can be said on both 
sides; but aw I have frankly expressed 
myself as to employers in thia matter of 
tiara I am somewhat inclined to 
believe that trades unions are as little dis- 
posed as employers to put themselves cut 
of the way to advance technical skill, 
Whateves may be said to the contrary, the 
tendency to maintain a standard of medi- 
ocrity, to level down clever workmen, 
and to inelst that the unintelligent, in- 


competent man shall be paid as much as 
the workman with brains in his head, is 
beyond all doubt antagonistie to all 
technical improvementand progress, And 
it docs not matter to me by whom this 
tendency is created or maintained+- 
Whether by employer, cinployed, or the 
pocigkies of the one or the other—its 
jnfluonee is only bad, and can be ne other, 
In the course of the discussion it) was 
freely admitted that © workmen were 
very Jargely ignorant of the principles 
which yovern their respective trades.” 
Ignorant they are likely to remain while 
the present system lasts. My cotmcienee 
Will not permit me to subscribe myself 
A Printer,’ Pam not quite sure that | 
could easily discriminate between nw sheet 
of paper of the dumy size and one of royal, 
Certainly if P were in business TP eould not. 
buy and sell with judgment any of its 
materiuls or “stock.” LT know a printing 
machine by sight, but could no more work 
it than J could navigate aship; yet) served 
an apprenticeship to the “art and myo- 
tery “of printing, As, however, | liave set 
up many thousand lines of type, perluaps | 


may sign mysell Ove 4 OMPORITON, 


SIR—I1 wish to express the pleasure 
Lhave experienced in perusing the firet 
number if your Journal, Useful to al) 
Classes Intarested in“ work" and how to 
dot, it will he especially useful to qiml- 
grants, who too often enter upon a new 
life strange in many of its aspects, with 
amok, imperfect knowledge of the dith- 
culties they will have to encounter— 
difficulties not always the result of exter- 
nal circumstances, but arising from their 
own deficiency in technical akill, The 
hopeful young emigrant thinks it an casy 
tank to settle down In a new loeation, 
and make a home for himself and his 
lelongings in the wilderness of Canada 
or Australia, “I shall run up a shanty," 
he says, “or perhaps a log hut, 7 have 
read a guod deal about such places, and J 
think I ean be jolly comfortable.” He 
finds himself on the bush a 
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or on the ‘borders of a Canadian forest, 
and then discovers that, though trees are 
pe though he hos a fair box of 
ools, and is strong and active, he has 
searcely any idea whatever ag to the wa 
to set to work to construct his homestead. 
T bave heard of one emigrant who wrote 
to the old country thanking the author 
of a book on building construction (which 
hc had fortunately, perhaps I ought to 
way prudently, taken out with him) for 
the assistance it afforded, enabling him 
to dispense with hired Jabour, and which 
repaid the cost of the book—and it was 
not, a8 yours will be, a cheap one by 
any means—o hundredfold, The shan- 
tics and huts clumsily put together by 
some of the settlers in the locality 
tumbled down because the logs and 
'tbeoreg could not hold togcthar, or were 
lown down by the first high wind. 
The roofs were leaky, the wind whistled 
through innumerable crevices. Mun and 
wife were wretched, the children il), no- 
thing prospered, because, with all the work 
in the world to make things comfortable, 
there was an unfortunate lack of a little 
elementary knowledge of the peepee 
of construction. Itherefore welcome the 
appearance of your Journal, which should 
be put into a corner of the cmigrant’s 
chest, lf ho brings intelligence to the 
task of studying the information given 
not only may he have a comfortable, if 
rough, house to live in, but will know a 
good dloal more about many things con- 
nected with live stock, crops, and similar 
matters, than he did when he first thought 
of actting out to seek his fortune in a 
colony.—I am, Sir, yours, cte., 
ONE WHO HAS LEARNED SOMETHING 
BY RHAvDING, 
A correspondent writes us that the 
Schaffner & Helbig's process for Uti- 
lising Alkali Waste, referred to in Note 


No. 6 in “ Technical Facts and Figures,” P 


has not proved a commercial success 
in this country, To some points of his 
obliging letter we may make future and 
further reference, In regard to this, 
the author of the above “note” has sent 
us the following =‘ Your correspondent 
is, I think, a little in error in his atate- 
ment that the above process has failed ; 
thousands of tons of waste being yearly 
recovered with profit. Without doubt it 
has not quite reached the success hopod 
for when first introduced ; but your cor- 
respondent should not forget that it takes 
some time to prove the success or failure 
of so extensive a manufacturing enter: 
prise as the utilisation of go vast a mass of 
Alkali wasto as our largo makers have to 
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deal with. Itgencrally takes some years 
of trial on an extensive scale—it often 
takes years of unremunerative working— 
before a process like thia can safely be 
sot aside as a failure. I have lately had 
a conversation with the heads of two of 
the largest English alkali works by the 
old process on the subject, and they agreed 
in this,—that aa the process became 
perfected it could be Poe carried 
out by all Leblanc-ash makers, Both 
have laid out large amounta of capital 
in the improvement of the plant of the 
Leblanc process, and hope by so doing, 
and by subsequently working a modifi- 
cation of the above utilisation process, 
to compete successfully, although with 

atly reduced profit to that made hither. 

for the next ten or twelve years, with 
the ammonin-sola process. We are aware 
that onc firm makes a handsome income 
by,the recovery of sulphur fromthe waste- 
heaps which have been accumulating for 
years on thelr premises,” 

Wo may here add to the above, whilst 
the opportunity occurs, that when a 
commercial firm adopts a certain new or 
improved method or proccss the public 
are not always informed whether that 
method or process has been found to be 
successful on the large scale, and through 
all the exigences of practice. When a firm 
discards auch method it does not always 
like to confess the fallure—though genc- 
rally no fault of ita own. Again, when 
& process'turns out to be successful—t,c. 
profitable—overy business man well knows 
that it may not be to his interest to pub- 
lish his success; not simply becauso it 
may give his competitors the benefit of 
his cxpcricnce and capital, but for other 
reasons obvious to those who havo techni- 
cally commercial experience, As a rule 
firma do not lke to confess to failures, 
and it may also be accepted as a rule that 
ractical men of business care as little to 
tel] of their successes. Continued exer- 
tion to make their work a guccess and 
to avoid failure is in truth much more 
in the way of business men than talk 
about either, And often success and 
failure are ut relative terms, In fac 
some of the most important of industria 
improvements never reach the know- 
lodge of the general public, It will form 
aah of the plan of our work to place 

cforo our rcadcrs many improvements 
of this character derived from actual 
practice in several departments of techni. 
cal industrial work, 

I1s8UE OR PUBLICATION OF PAPERS 
IN THE JOURNAL.—We have had several 
querics addressed to us with reference to 


PRIZE SCHEME OF THE TECHNICAL 


It has been represented to ua that the time named 
in the first part for sending in the Designs and Papers 
connected with the various Prizes is too short, at all 
events in the case of the first of the Series. 


into consideration the 


generally, wo ‘beliove that it will 


interests and those of intending Competitors under 
it if longer time be granted than that originally 


ints suggested to us, and the 
in some respects novel characteristics of the Scheme 


Notice to Intending Compatitors. 


readera who are 


Taking 


be alike in its 


the time at or the parts in which certain 
papers named in our General Plan of Work 
will be issued, With so varied and large 
a number of subjects which that plan 
embraces, it is somewhat difficult at the 
present stage of our publication—indeed, 
almost impossible—for us to arrange & 
scheme which will give a placo or time to 
the issue of papers in anything likc a con- 
secutive or well-arranged order. We shall 
for the present be governed very much by 
nihumanes in this matter—meanwhile, 
however, thinking over some plan by 
which the wishes of the majority of our 
correspondents may be met, At present 
we are able to give a definite answer to 
the question socourteously put by “ H.M.,,” 
by stating that the first chapter of “ The 
Land Draincr” will appear in next issue, 
that is, Part IV, 


RHEFERENCH Lists OF BOOKS FOR 
TECHNICAL STUDENTA.— With regard to 
this subject, we have had suggestions 
made to ua that lists of works useful 
and calculated to be useful to technical 
atudents would form « very practical 
department of the Journal, This falls in 
ao well with some notions of our own on 
the subject, that we contemplate having 
lists of reference works arranged under 
different sections of technical work 
prepared, While the different authors 
to whom those lists will be cntrusted 
have a pretty wide knowledge of works 
treating on the respective subjects with 
which they are practically acquainted, 
thoy will, we are sure, fecl obliged if an 
of our readers who may be disposed will 
send contributions to the lists. And in this 
way 1t may be hero suggested that Pub- 
lishers of technical works could aid the 
scheme by naming the works which issue 
from their presses. And thia last sentence 
reminds us of the fact that several Works 
sent for Revien are lying before us for 
notice. On this we have for the present 
only space to remark that it will be 
obvious that where there are such great 
demands made upon the space in each 
Part at our disposa), we have not much to 
spare for reviews of books, This much 
we may however say : that we are feeling 
our way to apportion a certain space for 
matter of this kind; and that if we can 
spare space atall for reference to any work 
sent us, we shall think it only fair in the 
intoreata of the publishers, and right in 
those of our readers, to give something 
more than a mere bald notice that the 
work has been received, In a case like this 
we shall endeavour to give our readers auch 
a fair description of ita general features 
ng will be of some practical use to them. 
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announced. We have, therefore, to ask those of our 
preparing Design 
kind enough to take a note of the fact that the date 
for sending them in under the various classes is ad- 
vanced one month, Thus the date for 


Claas under letter A will be February 28th, 1885. 
Class under letter G will be March 31st, 1885. 
Class under letter H will be April 30th, 1885. 
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The Circumstances of the Working Classes, their Working 
Hours and Leisure Time as Influencing the Wide Exten- 

, on of Technical Education. 
In addition to the reasons previously named for believing that 
it will be long before our public institutions can possibly be 
yatablished in number and in efficiency calculated to overtake 
‘he work before them, there is this other reason which must 
xa taken into consideration. That even when more widely 
established than they now are, they cannot possibly absorb or 
iraw within their influence all our industrial workers. For 
be it remembered that the element of “ leisure time” must he 
“aken into account. It is an easy matter for those who have 
10thing clac to do than to be educated to attend technical 
achools and institutes—com paratively easy for many who aro 
employed in certain callings which, while they cannot bo 
*Jaased as handicrafta, are yct in some respects industrial or 
‘echnical. Jt is, however, not ao casy a matter for the great 
majority of those who do the actual work of our great indus- 
ries, They have to work to live, and live to work, This, 
n fact, constitutes one of the real practical difficulties in the 
way of cstabliahing a public system of technical education 
which will take in or absorb within its practical work the 
very classes which it is designed to benefit. They have not 
she time, neither have they always the physical vigour and 
activity, after a hard day’s work, to begin to them the still 
xarder work of walking to a school—probably very distant 
and thereafter to begin to study, which is to them harder 
till. If one may venture on an expression which, however 
unusual, conveys & vast deal of practical truth bearing on the 
whole subject of technical teaching, many of our working 
aeses have to be taught not only the value of being taught, 
but how to be taught—how to learn that which is capable of 
sing learned, 

Importance of Individual Study.—Technical Education at 

the Home, 

These are facts, and, like all facts, must be dealt with in 
@ practical way. Individual atudy must therefore for long 
—indeed, it will be always—an essential thing to be gone 
through. The public school can and will do much—it cannot 
yossibly do all, And beyond a doubt it will not always be 
Wapted to the circumstances of our industrial workers, It 
‘emains to be seen whether by the light of fature and further 
experience this adaptation will be secured in a thoroughly 
efficient way. It is not, at the present stage of our national 
ogress in public technical education, anything derogatory to 
ach systems as have been established to say that they have 
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not as yet met the requirements of this adaptation to the 
circumatances of working men of all classes in anything like 
an efficient way. As we have said, all such measures as we 
have taken in this direction are as yet but purely tontative 
or experimental, We have therefore, as a consequence of 
this position, to get rid of many defecta which they have 
carried with them—defects readily enough acknowledged by 
those who are the most practically connected with their working. 

But valuable as schools, classes and institutes may, and 
as they will yet, be made, they never can do away with, or 
themselves succeed indeed without, the influence of Home 
Study. This, under the present circumstances of the work- 
ing classes, is an absolute necessity, And such or similar 
circumstances are in all probability destined to be attached 
to those classes in times to come, 

Even where the public school is attended, unless its work 
be supplemented by the study of what may be called the school 
of the home, that work will only be of indifferent value. But, 
in a large number of instances, tho technical class or institute 
will not be available, It is only in large towns that we can, 
at least for a long time to come, hope to have such public 
facilities for imparting technical education established, And 
even in such populous places—and markedly in those which 
spread over large areas, such aa the metropolis—the moro 
distances to be travelled by students from their homes to 
the public school or institute will prevent a large number 
from making use of thom. And so far as the syatem which 
has becn proposed by some of grafting upon our ordinary 
school-teaching methods for imparting special technical in- 
struction is concerned, we have still less hope that we shal! 
see this speedily carried out, And this, not s0 much merely 
from the difficulty of combining the two, as from tho still 
greater difficulty of obtaining the services of the obviously 
great number of teachers required in such an extensive system 
of schooleteaching,—teachers who, to be of any practical use, 
must be well qualified to fulfil their duties, Lven now, when 
our technical institutes and classes are but very few in 
number, the difficulty to find competent teachers js very great, 
—a0 great, indeed, that one of the most important works of 
the future will be the “teaching of teachers,” in order to supply 
the great and ever-increasing demand for men capable of 
teaching others. Much, therefore, as will be done by public 
classes, more must be done by private study in the home. 
There arc those, indecd, who believe that the highest service 
which the public technical institutes can render, will be in 
directing the attention of students to booka of practical value, 
in great measure inciting them to a close and earnest study 
of those; and not only ao, but in encouraging close habits 
of observation, and vivd-coce intercourse with thoir fellow- 
workers. Those combined influences arc, as wo have gaid, 
by many high authorities in technical education belicvad to 
do actually more in imparting practical knowledge than even 
the moat persistent and patient attendance upon the technical 
class or the lecturc-room, 


Books the Important Element in the Technical Education 

of the Home. 

Books, then, must ever play an important part in the great 
work of technical education, and this even when the public 
class or the institute is relied upon chiefly as the method of 
imparting instruction, For in this latter case text-books are 
required to ald and supplement the labours of the teacher ; 
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although if he is a peculiarly able man his pupils will be 


somewhat tempted to neglect their text-books in reliance. 


chiefly upon his ¢ivd-voce or spoken statementa. But if 
text-books or guides to knowledge of different kinds play, 
or are apt to play, but a secondary part in the practical work 
of the public clags or institute, they hold the first position 
in the Technical Dducation of the Home, Here they are 
simply and absolutely indisponsable. Playing # double part, 
they take the place at once of the teacher of the public class 
or institute, with his vivd-voce statements and explanations, 
and the text-book by which those aro aided, influenced, and 
supplemented, And although we are or should be the last 
to lower the value of the living teacher in the estimation of 
our readers—for his services are of priceless worth to the 
nation—still it will be readily enough admitted, on due 
consideration of all the points involved, that the book in 
the study of the home possesses advantages to which but 
few teachers in actual practice can Jay claim. The teachers 
can only be met with at stated hours and at comparatively 
iong intervals, And in the unavoidable pressure of clase- 
work, with all its inevitable concomitants of differences in 
the peculiarities, the idioayncracies of different pupils; the 
many questions to be answered, the doubts resolved, the 
difficulties to be removed; it not seldom happens that there 
ia more work of education to be done than there is time 
given for the doing of it. Noris the case altogether unknown, 
-—some, doubtless, will aver, and with much truth, that it is 
on the contrary but too well known,—where the pupil is shy 
and resorved, and afraid to ask questions the replies to which 


it is necessary that he should have, but with which unsolved , 


ho has.to leave the class-room, None the less known, perhaps, 
but unfortunately too frequently passed over as a matter of 
no moment, is that case in which the pupil belongs to the 
class popularly described as those who arc “slow in the up- 
take,” or who havea difficulty to conceive quickly the meaning 
and purpose of what their teachers tell them; although if 
time were given them they have that peculiar gift, so valuable 
to technical men, of firmly grasping a practical fact oro 
scientific truth which they do clearly understand, so that it 
becomes then their mental property for all time. What they 
‘have thus time to secure, they never lose; but unfortunately, 
in the unavoidable pressure of the teaching of the class-room, 
that time cannot always be given—in plain truth, is sometimes 
not given at all. 


Difficulties which some Technical Scholars—as ‘those of a 
Retiring and Slow Disposition—have to contend with in 
the Public Class or School. 


Hence, in the public teaching of the class or the institute, 


it often happens—and so frequently, indeed, that some aver 
it is the rule—that it is only the forward and the highly- 


favoured in intellectual gifts, especially in that gift of 


quick reception of facta and principles, who are the marked 
and fortunately successful pupils, But there are the others, 
to whom we have just alluded, none the less truly gifted, 
who have all the capabilities intellectually of becoming able 
students, but who, unfortunately for themeelves, are some- 
what slow in conception, or shy, reserved, and bashful in 
manner. But with the book in the study of the home all 
those disadvantages disappear. The student slow in the 
perception of scientific truths, in the comprehension of the 
precise value of practical details, but possessed of a mind 
which retains firmly what he does fimally understand, can 
go again and again to his book, and remain with it as long 
as he desires, without any fear of being troublesome to his 
teacher, or af being put off with a brief explanation or a 
hurried, in some instances a graff, reply. Nor nged the bashful 
and the reserved—those who in actual intercourse with their 
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fellow-men, and especially with their teachers and superiors, 
require to be brought, who never of themselves come forward 
—be afraid with their book, That is ever ready at their wish, 
—patiently waita, so to say, the time when the truths it 
enumerates, the facts its pages give, shall be duly and fully 
understood and appreciated even re minds the sloweet in | 
comprehenaion, 


The Teaching of the Class, or Vivd.vooe Instruction, Absolutely | 
Nooessary, however, in some Departments of Technical 
Knowledge. 


We give these remarks as to some peculiar features of vivd- 


‘woos teaching, or what is called the oral instruction of the 


teacher, inasmuch as they exercise an influence more potent | 
than many think of, in the working out of a practical system 
of Technical and Industrial Education, and which must 
therefore be taken into account, otherwise grave mistakes will 
‘be made, and much disappointment as to results will arise. 
But do not let ug be misunderstood as to our reason for 
offering these remarks at this stage of our inquiry. We offer 
them because they refer to facta; and facts of daily life muat 


‘be met and fairly dealt with. But while drawing attention to 


them as factors of importanco in all calculations as to educa- 
tional work in technics and industries, no one will for a 
moment suppose that we are disposed to underestimate the 
value of the living teacher’s work even in the slighteat ;. still 
less to hint that this can be ignored in any system of Technical 
and Induetrial Education, For while, in some cases, the ald 
of the ving teacher, or the help of vivd-vore leasons, can be 
dispensed with, and its place taken by books much more 
efficicntly ; nevertheless there is a wide class of technical and 
industrial educational work in which books cannot possibly 
impart the desired information or give the necessary know- 
ledge which will be practically useful, To those acquainted 
with technical or science teaching numerous examples of this 
will at once occur to the mind. The one or two which alone 
our apace will permit us to give will suffice to illustrate this 
point, Take Technical Ohemistry. While the leading prin- 
ciples of the science can be gathered from book study, aided 
by such home experiments as may be within the command 
of the student, there are some points, and they are all of the 
highest practical value, which cannot be learned without the 
direct intervention of tho living teacher, In analysing mub- 
stances, for example, certain stages of the processes will be 


. marked by certain physical phenomena,—such, for example, 


ag on the emission from the substances under analysia of 
certain odours, perfumes, or smells, and the display of certain 
colours, etc. Hence in a wide variety of instances the 
student in Technical Chemistry has to become acquainted 
with certain odours, shades of colour, and the physical 
peculiarities of an extensive range of substances, as solids, 
liquids and gases, Now,all this hes to be shown him by a 
teacher who himself thoroughly knows all, even the finer or 
the finest shades of difference displayed under different cons 
ditions of substances, and who is able to direct the student 
and to tell him when he makes a mistake and draws a false 
inference as to the presence or absence of a certain aub- 
stance, from the indications it may offer to his notice. Inno 
department of technical instruction, indeed, is the value, the 
absolutely indispensable necessity of the living teacher and the 
vivd-roce lessons, more closely and clearly exemplified than in 
Technical Chemistry,—it. being almost literally true that the 
teacher has to be constantly with the student, watching his 
work, noting his progress, warning him as to mistakes likely 
to be made, showing him how these can be avoided, and 
pointing out the. thousand-and-one things necessary to be 
known. This at all events is absolutely true of what is par . 
excellence the practical work of the technical chemist—the 
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practice of the laboratory in analysing substances qualita- 
tively or quantitatively. 

This essentially necessary help which .the technical student 
ean receive only from vivd-roce lessons—in other words, by 
the direct agency of the teacher—is also required, although 
not in all or indeed in many cases, in other departments of 
study, For example, in the work of the ornamental draughte- 
man and colourist, and in many departments of industrial 
work, where # student can be skoewn how to do « thing, and 
may be made to understand why it is so done, and this 
at once, which a laboured written or printed description, 
or even a lecture paragraph, would have failed to convey, 
There are some technical points, some technical operations or 
constructions, as in drawing and design, which no written 
deacription could possibly make clear without the eye being 
called in to theaid of the mind, Hence the value of illustra- 
tions on the blackboard of the lecturer, and of diagrams and 
drawings in the book. Hence also, in the case of materials 
and substances used in the technicu] arts and industries, the 
value of specimens—and as a conrequence of museums, ete., 
where those specimens and models, drawings, etc., can be 
met with—-by which the mind is enabled to grasp their peon- 
liarities and characteristics with a clearness and distinctness 
which no written or even vivd-vove explanation would yiold, 


Other Difficulties in the Way of speedily securing a General 
Extension of Technical Education through the Medium of 
Public Classes: the Teachers; the Competitive #ystem. 

All these points show how many-sided a subject Tochnical 
and Jndustrial Education ia, and the difficulties which stand 
in the way of its being established nationally, so as to be 
thoroughly and practically useful, And so far as teaching 
by vitd-vooe lessons is concerned, seeing how in 90 many 
directions it has to be carried ont in the closest of ways 
before it is practically efficient, the diffloulties in the way 
of getting a body of men large onough as regards numbers 
and highly trained enough ag regards practical efficiency, are 
such that it will be, if not a very long, at least a considerable 
time bofore such difficulties can be overcome. But it is not 
merely the difficulty, which is much grester than is generally 

supposed, in getting teachers numerous enough,—possibly a 

greater difficulty will in future be found to be in gotting 

them possessed of the gifta which enable them to commn.- 
nicate the knowledge they themselves possess to the students 
piaced under their care. This gift is altogether different and 
apart from their abilities as teachers per se—that is, their 
training in knowledge. This may be of the highest character, 
and yet from lack of the gift they are not able to give to 
others what they themselves possess, Tike the poet, it may 
be said that the teacher ig born, not made. No amount of 
acquired knowledge will give this capability to impart it to 
others, And even when obtained and acquired, the difficulties 
in the way of getting the teachers and students in that direct 
and peculiar mental connection which alone makes vivd-voce 
teaching thoroughly valuable, is such as cannot in any 
wise system of National Technical Education be ignored with 
safety, as they will not in practice be overcome with anything 
like ease or quickness. And it is just those difficulties which 
affect another department of vird-voce teaching—namely, 
competitions and cxaminations--and so affect them that 
before they are thoroughly usefal they will have in their 
main features to be materially modified from what they are 
now. Qn all these points, so far as the personal relationship 
of students is concerned, the reader careful to go thoroughly 
into the whole question of Technical Education may be 
referred to a paper in the text of this work given under 
the head of “The Workman asa Technical Stndent—How to 
Study and What to Study.” 
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Bome Valuable Characterisation of the System of Home Technica! 
Education. 

Taking 8 fair and impartial review of all the circumstances 
of the present position of the question of Technical Education, 
it is abundantly evident that for a long time to come, Home 
Btudy wil? be the chief source of that improvement in the 
capabilities of our technical and industrial workers, for work 
which every one is now convinced it js an absolute necessity 
for us nationally to obtain, And this is altogether apart from 
any questions connected with the merits or demerits of the 
home etudy system as compared with that of class teaching. 
And this simply from the fact to which we have alluded—- 
that from the difficulties, in many districts and under many 
elreumatances of industrial workers insuperable,in the way of 
getting efficient class teaching quickly and fully, they are 
thrown back upon home study as the only source of improve: 
ment available to them. But those thus thrown back upon 
this system have much of an exceedingly satisfactory nature 
connected witb it to encourage thom in its earnest pursuit. 
For in addition to what has been already said, and what may 
yet be given in apecial papers in the text, as to the advan- 
tages presented by home study, the following may be perhaps 
encouraging. Those who have had a wide and practical 
experience of the men who are occupied in technical and indus- 
trial work, and of the character of that work, have not seldom 
had occasion to observe that those workmen engaged in 
technical work who were attentive students at home occupied 
in technical knowledge a much higher place as students who 
knew—that is, naturally possessed scientific knowledge—than 
many who had had the advantages of a highly organised and 
more or less expensive public college or class training, 

We have said much—and it was necessary to be glven— 
asto the dificulties attendant upon the establishment of a 
general system of public technical education, which will be so 
wide in its development that it will take in all the classes 
engaged in technical industry, and so wel) fitted fdr the field 
which it should occupy that it will meet the varied and often 
varying circumstances of their’ actual daily life and work, 
And what we have said is perhaps the best evidence which 
con bo given in favour of the vast value of the technical 
education of the home, in which the book is as wholly indis- 
pensable, as it is the principal practical feature. Everything 
of course dependa, in thia style of study, upon the character 
and class of book which is to be adopted as the guide to 
or text-book for the home student, For thera aro books 
antl books, 


The Essential Characterisation of Books fitted for the Technical 
Education of the Home. 

The indispensable feature of a book which offers itself as 
a guide to the home student is that it shall be trustwortby— 
in other words, that its information be correct, Scarcely lous 
important is it that it shall give this information in a way 
which will attract rather thao repel. A guide may know the 
country well through which he proposes to lead a traveller ; 
but he may be so rude and rough a companion, may give his 
information in such a way, may reply to questions ao bluntly 
and brusqucly, that the traveller would rather forego all the 
advantages attendant upon following the route proposed than 
take it along with such a guide, And if this would bo so in 
the case of one who was thoroughly convinced of the advan- 
tages to be gained by traversing a district, much more easily 
would one be repelled by the manner of his guide from follow- 
ing his direction or entrusting himself to his care, who was 
not quite sure as tu the advantages of going over the route 
at all. And so with technical text-books purporting to be 
guides to the Home student. For it should not here be over- 
looked tbat. with a vast pumber.of-those engayed in the 
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actual work of technical industry, there is but little real 
conviction of the high value which so much scientific know- 
ledge possesses when applied to the improvement of ite various 
branches, Many, in fact, have to be incfted to learn, and 
encouraged in every way in the actual acquirement of facts 
and principles, A text-book should therefore be written in 
such a way that, while its information is perfectly trustworthy, 
it shal] he so attractive that it will lead the readers of its 
pages almost insensibly, yet powerfully, forward, It should, 
moreover, be so suggestive in its style that it will compel 
them to think—make thinking, indeed, a pleasure rather than 
a pain, as it is, jn fact, with but too many of our workers, 
The text-book or guide for the student at home, while thus 
presenting certain features which are in fact indispensable, 
will mainly be the vehicle of conveying the results of the 
experience and the practical knowledge of its writers in the 
various departments which its pages discuss, 

But, much as may be embalmed in a special text-book, and 
in books generally which treat of technical aubjccts, there 
remains vast amount of practical detail floating, so to say, 
about, which has as yet found no abiding place in literature, 
Much of this is being gathered in, and place given to it in one 
published form or another. But this collection or gathering 
in is nevertheless being done in such a planiess, desultory 
manner, that, highly valuable as the information {s, it is so far 
from being readily available, that those who might bo sup- 
posed to know almost everything on the subject of technical 
knowledge, know only that such and such information has 
been published in some stray paper or another, but do not 
know how to lay thoir hands on the vehicles in which it 
appears. Tf such be the case with those who may be called 
“oxperte” in technical literature, what chances have the great 
majority of technical workers of gaining acccsa to this wide 
and usually full supply of that technical knowledge on which 
we havo shown that the future value of thelr work and the 
future fortune of their trades depend 7 

And if the difficulty of gaining access to a treasure-house 
like this of practical facts oxists in the cage of such an infinite 
variety of publications in our own familiar language, what 
must it be in regard to the same class of knowledge hidden in 
the no Jess varied sources of foreign langunges? There is a 
chance, though but the poorest, of obtaining, in some way 
more or less difficult, and at some time more or less remote, 
the information from such sources as we have named, which 
have been already published in our own language, There is 
avarcely any chance, however,—wo might well say practically 
none,—of getting hold of the like information which is at 
present almost wholly embalmed in foreign languages—in 
books, papers, and pamphleta, which are in ¢éhemsetves but 
as “sealed books" to the great majority of our people, 


The Claims which the Present Work has to be considered a | 


Complete, Comprehensive, and Trastworthy Text-Book of 
Practioal Value to the Technical Btudent. 


A book, then, which would bring together in an easily 
accessible and cheap form all the combined results of the 
boat thinkera about, and the most able and skilful of workers 
in all branches of, technical work, would aimply be invaluable, 
as the soundest and the best of instructors. But if to all this 
were added the very latest results of scientific investigation 
and the moxt recent and pecuniarily valuable labour of our 
workers in our own country, and from the districta most cele 
‘ brated for their production in special branches, together with 
the most valuable portions of that wide variety of technical 
knowledge floating about in this country and in other coun- 
tries to which we have already pointedly alluded ; and if the 
whole were arranged in a methodical manner, were illustrated 
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by diagrams, plans, sections, and elevations,—in brief, by 
working drawings and readily available sketches and diagrams, 
—#some idea may be formed of the practical value which a 
book of this kind wonld possess to our technical workers 
throughout the kingdom. 

Such a book, we have reason to believe, will be that to 
which this is the General Introduction; and we now invite 
the attention of the reader to some of its leading features, 
To make it complete in the fullest sense of the term, within 
the reach of earncat endeavour, is the intention of its cone 
ductors. To do this no effort has bean or will yet be spared. 
Its plan or method has been the subject of long and anxious 
thonght; and to carry this ont in all its dotails the best 
authorities in this country, as well ag in America and on 
the Continent, have been consulted, and the help of the moat 
practical authorities and writers secured, 

A word or two as to the practical valne of the technical 
literature of the Continent, which is one of the outcomes or 
reeults of the system of Technical Education which has been 
so long carried on there, will be useful in this connection, 
This literatura does not exist mainly in the form of text-books 
for schools and students, although those are as excollent ag 
they arc numerous and complete. It embraces also a vast 
body of information on technical subjects, which has found 
place in special reports and volumes jesned under government 
sanction, and paid for out of national funds. For Continental 
governments have, with a wise prevision of the necessities of 
national industry, deemed it their duty to foster and encourage 
all classes of practical work, by the issue of a wide variety 
of papers, books, and documents, connected with them. Nor 
less marked in practical value ia the technical literature which 
owes its existence to the skill, the knowledge, and the remark- 
able trade enterprise of publishers, To those amongst ua who 
for the first time come into direct contact with what may be 
called the full stream of Continental technical literature, 
embracing all the three great branches we have named above, 
the first fecling is one of gratified surprise that so much has 
been donc for the people in the way of placing within their 
reach such a vast body of information bearing in the most 
direct and practical manner upon those branches of industrial 
work upon which depend in great measure thelr well-being 
and prosperity as a people, But to those who are intimately 
acquainted with the subject, it is impossible to be otherwise 
than matter of great regret, that ous technical literature, 
considered from a national point of view, should present such 
a marked contrast, both in extent and character, to this Oon- 
tinental literature. One marked feature which it presente is 
the profusion of illustrations which ig displayed in the great 
majority of the worke, and the extreme beauty with which in 
most cases theac illustrations are executed, 

From a long and intimate acquaintance with Continental 
technical literature, the conductors of the present work are 
fully alive to the value of the rich store of information to be 
had from its numerous works. From extensive sources, cover- 
ing the whole field of technical work and industrial processes, 
they have thercfore made a careful selection of material. This, 
when printod under new arrangements specially adapted to 
the pages of a work intended for circulation throughout not 
merely all the districts of our own country, but in all places 
throughout the world where the English language is spoken 
and English skill, energy, and enterprise is displayed, cannot 
fail bat to add immenzely to its practical value to its readers, 
From various Continental sources, moreover, the conductors 
have also obtained a large number of beautiful illustrations, 
which will add to the attractiveness, as well as to the prac. 
tical utility, of the work, Such is one of its features, to which 
special attention is here drawn, | 
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THE CARPENTER AND HIS TECHNICAL WORK. 


Irs ORIGIN AND EARLY PRoGRESS—THE PRINCIPLES 
AND DETAILS OF ITS PRACTICE. 


QHAPTER ITT. 

The Method of Dealing with Timber, Trees or Parts of 
Trees, in the Early Oonstructions of the Carpenter, 
continued. 

As construction improved, the vulue of flat surfaces 

would be seen, if in nothing else than in the closer joint 

which could be secured than by the use of round 
timbers, which could only touch at one point in the 
circumference, leaving rounded or hollow surfaces 

on each side, This we roughly illustrate in fig. 17, 
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Fig, 17, 
in which aa shows the good joint formed by two 


fiat-surfaced pieces of timber lying together. It isa 
narrow point only at which the two round branches 
o, d, can touch, leaving the hollow spaces e, e, on 
each side. The inequality of the joint is, however, 
atill more clearly shown in looking at the sides or along 
the length of the branches, as at ff and gg. Branches 
are often very crooked, and it would not be an easy 
matter to find two branches so well matched that the 
hollow in the under side of a branch, as at A, could be 
filled exactly up with the rising or swelling part of 
another, as at % Much more frequently would the 
case be as at ff and g g, where hollow places—which 
would form holes—would be formed, as atj,%. The 
infinitely better joint obtained by using two flat 
edged pieces etraight in the direction of their length 
is illustrated at /. 

The splitting of round timber, or of a branch, as a 
in fig. 2 (ante), in two—in which operations the value 
of the “ wedge,” as at b, driven by the “ mallet” or 





Fig. 18. 

- hammer, would be early ascertained—in the direction 
of its length, would obviously give two flat surfaces, 
one to each half. as at oc end dd, fir. 18, By usire 
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the axe, the adze, or the chisel, the rounded side of 
the half-branch, as at @ in fig. 8 (ante), would be made 
flat also, and the first “plank,” as at 6, would thus 
be formed, Ita breadth would be determined by the 
diameter of the branch out of which it was cut; ita 
thickness by the extent to which the rounded side 
would be flattened down. The plank so formed would 
naturally have ita upper surface of different breadth 
from the under, giving a8 a consequence sloping edges, 





Fig. 19. 


“plank” a perfect rectangle in section, as at jf, ao that 
ita edges would be square to the surfaces or sides, the 
sloping part, as at ye, would be cut off, #0 as to leave 
the edge vertical, as at h. 


The Outting up of Trees, or Parts of Trees, into Timber 
for the Early Work of the Carpenter. 

The uses to which dat-surfaced boards or planks 
could be put would rapidly multiply as constructior 
and the consequent desire for comfort demanded by, 
many consumers progressed. And when saws coult 
be made Jarge enough and strong enough, they woulr 
be soon and extensively employed in cutting up or 
dividing in the direction of their length round timber 
of such diameter as would give more than the twc 
planks or boards which the method illustrated ir 
fig. 18 would yield, This process is roughly illustrater 
in fig. 20, in which @ b, is supposed to represent the 





Fig. 20, 


end in section of a tree or a large branch of it. By 
sawing down on each side of the central point, as 
at co, dd, the plank or board of greatest breadth, 
a;coc4d, would be cot which the piece of timber 
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would be capable of giving. By again sawing down 

vertically at various pointe, each remaining half, as 
a and b, so many boards, forming altogether a 
series of which ¢ ¢, / 7, is a rough representation, 
would be obtained; « ¢ representing the boards or 
planks yielded by the part a, f\f those by the part 2, 
the central one g corresponding toce dd. Being 
cut out of a circular bole or branch of a tree, the 
edges would be more or less rounded, as at h, ¢ and j; 
the edgea could be made square by cutting off across 
the dotted lines either by saw, axe, chisel, or adze. 

In like manner, when beams capable of either 
supporting or carrying heavy weights were required 
—as they would be as the desire to have larger and 
better structures increased—they could be eut out of 
boles or trunks of trees or of large branches, somewhat 
after the fashion shown in fig. 21. We have alluded 
to the value of flat surfaces as being early discovered by 
the carpenter. These would be specially useful in the 
case of beams supporting heavy weights, inasmuch as 





Fig. 21. 

they would enable the benms to be placed in position 
much more securely than if their surfaces were 
rounded, In other words, a flat aurface would better 
give what in modern technical phrase is termed a 
“ good bearing surface” than would a round, which 
would obviously present a rocking or rolling surface 
when lying on a Aat place, technically now called a 
“bed” or bearing place. The quickest way to get a 
beam from a tree or branch would be to cut or square 
off two sides only, og at a and o, fig, 2], giving two 
corresponding flat surfaces and two rounded edges as 
at band d, A square beam would be obtained with 
four flat sides by cutting or aquaring off the four 
rounded parte as ate fg. The reader will find at 
an advanced part of the present series of papers a 
method of finding the strongest section of a rectangular 
beam which oan be cut out of a round bole or trunk 
of a tree. Further on, also, he will have various 
diagrams given him illustrative of the points which 
regulate the forms of beams calculated to support the 
greatest weights, and how the pressures exerted upon 

benms are measured and estimated. | 
‘‘ Framing,” or ‘ Framework,” an Assemblage of ‘‘ Pieces” 
or Parts of Timber in the Construction of the Carpenter. 

—fome Technical Points connected with the Subject, 

So far as we have gone, we have been concerned 
chiefly with the methods of joining timber together, 
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in using and in cutting it up, and with explaining , 
in conjectural fashion the. possible wey in which 
the methods were discovered by the early workers in 
timber construction. But we have only incidentally 
touched upon what constitutes true “framing.” By 
this term is. meant an arrangement of timbers more’ 
or less numerous by which with the least weight or 
bulk of material the stringent form can be obtained. 
This arrangement is called an “assemblage,” or 
an “arrangement,” or often simply a “framing” or. 
“framework,” and may take various forms, of which 
floora, partitions and roofs are those principally 
met with, although there are numerous other forms, 
such as those in scaffolding and framework used in 
the construction of public works, as harbours and 
other departments of civil engineering work, OF all 
of these, illustrations in abundance will be giver 
in the course of these papers, The assemblage of any 
framing is, as we have said, made up of a number of 
independent or separate parts joined or connected 
together; and to these parts the name of “ members” 
or “ pieces” is technically given. Those assume dif- 
ferent positions, and take different names—such as 
girders and beams, rafters, purlins, strute or braces, 
tiea, king posts, and the like. Of all these also, and 
the joints used in connection with them, the pupil will 
find ample illustration in succeeding chapters, 

In endeavouring to trace the gradual progreas of 
the art of carpentry in one of its leading departments, 
the pupil will very much have misconceived our aim 
if he supposes that we have been giving what may 
be considered as matter which is merely interesting, 
or, a8 some May even consider it, only amusing. 
It may be this; and we are so far from objecting 
to any study being so lightened up that we would, 
on the contrary, advise all young students to use 
such “legitimate means” as judicious amusement 
affords to lighten and instruct them in its necessarily 
dry details, But if what we have said be amusing to 
some, it is something, and designed: to be something, 
much more than this, The pupil will have resd to 
little purpose in the direction in which we have 
designed to lead him if he has not perceived the 
practical aim of what we have given, or has failed 
to gather from it much information of a thoroughly 
useful character. Whether the conjectures we have 
given in preceding paragraphs, and are about to 
give in those to follow, be more or less accurate, 
or altogether fanciful, they actually embody some 
of the most important principles of the art of car- 
pentry, the fuller exposition of which will be found 
in succeeding illustrations and descriptions, And if 
our conjecturea as to the details of progress, or what 
was likely to be in early practice, appear to him 
to’ be feeble, or to possess no force at all, we should 
recommend him to endeavour in somewhat. similar 
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“Manner to our own to conoeive for himself such steps 
as would ptobably be taken by the first workers in 
timber. This will possess more than the mere advan- 
tage—-though that in iteelf is worth something—of 
ministering to the intellectual training which the habit 
of thinking out for himself the different points of the 
art is calculated to give; it will moreover aid him 
greatly in his estimation of the principles upon which 
that art is founded. 

We have said that we have not as yet considered 
closely the subject of “framing,” purely so called, and 
the meaning of which we have but just generally 
described. In much the same conjectural way we 
have followed, or attempted to follow, the progress 
of the art in two of its departments, we shall now 
attempt to follow it in this the most important of 
those. And here we shall be, if not disappointed, 
much mistaken if the pupil does not derive some 
practically useful information as to the leading prin- 
ciples upon which all framing is constituted, 

Gradual Development of the Art of Designing and Construct- 
ing Framing or Framework by the Early Carpenters.— 
Bimplest Elements of Framing. 

The knowledge of those principles would naturally 
be a matter of slow development; and the first or 
tentative attempts to erect structures of timber 
possessing the greatest strength to resist opposing 
pressures or sustain heavy weights, would gradually 
lead up to a study of the reason why certain arrange- 
ments of pieces of timber gnve greater strength to 
the structure than other arrangements. In this, as 
in other of the mechanical arts, the practice of certain 
contrivances would precede the principles, and these 
would only be deduced from the simple practice when 
men had further advanced in intellectual analysis 
and synthesis, or in what is called scientific reasoning ; 
and still higher developments in practice would lead 
out from still deeper study into the application of the 
first or elementary principle which practice would 
display. This practice would, in one sense, be forced 
upon the early workers in timber from the mere 
necessities of their position, They would feel that their 
growing wants and the claims of a higher civilization 
demanded, if not more and more elaborate, certainly 
stronger and still stronger structures. Nor would these 
wants and claims be altogether of the class which some 
think alone constitute true civilisation. 
been defined as a fighting and a quarrelsome animal, 
sharing in this way with the brutes a capability of 
inflicting suffering and loss upon his neighbours. And 
as ill weeds are said to grow apace, we may very 
reasonably conclude that warfare, in one or other of 
its many more or less but always too decided forms, 
afforded a much earlier impulse for the timber worker 
to give strong structures for defence, or strong appli- 
_ ances for offence, than any necessity arising from the 
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pursuit of greater and more humanising influences, 
The mechanical arts have, as a rule, showed many of 
their best and earliest developments in connection with 
what is called the art of war, Hence trenchant sword- 
blades were common long before domestic knives or 
scythes for the grass-mower were met with, and spears 
received more of the attention of the artificer in 
metals than did pruning hooks, And aa the. beat 
materinis and the finest workmanship were given by 
the metal artificer to the implementa of warfare, so 
was it, we may reasonably conclude, with the worker 
in timber. He would for a long time be much more 
frequently called upon to design and construct a strong 
structure for defence in war than he would be asked 
to rear a strong yet comfortable house for time of 
peace, 

Wo may reasonably conjecture that the first element 





44 
_ Fig, 22, 


of a piece of pure framework was obtained in the 


way illustrated at a bod, fig. 22. We may suppose 
the post a,b to be one fixed by being made to pene- 
trate the soil or ground, that part of the post or 
stake being pointed, as shown by the dotted lines. It 
was desired that the post so far firmly fixed by its 
hold or grip of the soil should be capable of resisting 
any attempt to make it swerve from one side to the 
other. We may suppose that whatever pressure was 
likely to cause this elevation from the vertical would 
come from the side and be represented by the arrow ¢. 
A very slight knowledge of the way in which a pres- 
sure was put upon a post so placed, and of that in 
which it would be best resisted or neutralised, would 
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give the suggestion of propping it up—to use the 
popular phrase—by putting a piece, ¢ d, in the position 
shown in fig. 22, one end pressing against the post, 
as atc, the other pressing on or penetrating into the 
soil at d. The simpleat way of securing and keeping 
up the connection of the end o with the face of the 
post, a 6, would be to notch the post, as at /, slightly 
tapering off the end ¢ of the prop c d, as shown at g. 

This arrangement would dispose of any force in 
the direction of the arrow ¢ “ pressing ” on one side of 
the post, or “pulling” on it in the direction of the 
arrow h from the opposite side. To oppose a pressure 
on a post, ¢ 7, fig, 22, “pushing” in one direction, as 
shown by the arrow k,and another “ pulling ” orhauling 
in the opposite direction, as indicated by the arrow J, 
a repetition of the contrivance adopted at od on the 
opposite side of the post would so far meet the case, 
It is, of course, obvious that much of the capability 
to resist any of the preasures here named would 
depend upon the strength of the prop m orn. If 
weak it would bend, and possibly break. The early 
workers in timber, howaver, would be careful to use 
timber strong enough, and this we know they did from 
the examples of carpentry which have come down to 
our time in old buildings. But strength alone would 
not secure the prop doing its work, or rather perform- 
ing ita office properly. We have alluded in preceding 
paragraphs to the value of the principle of “ pene- 
tration,” and the importance of “ bearing surfaces.” 
But while valuable in one direction, penetration is a 
source of logs in another. While it is obvious that 
the end d of the prop o d, fig. 22, would have a good 
position or anchorage given to it by being inserted in 
the soil, it is equally clear that under pressure put 
upon the prop by any force “ pressing” in the direction 
of the arrow at ¢, or “ pulling” in that of the arrow A, 
it would have a tendency to penetrate deeper into 
the soil. And the further the point 7 sank then, the 
more the point o would yield, and the greater would 
be the swerving of the post « b from the vertical or its 
strongest position. 


Technical or Practical Facts learned from the Foregoing 
Tilustration, 

We have alluded to “ bearing surfaces,”—and as to 
their value the early workers would learn somewhat 
from their experience in carrying out auch a contri- 
vance as that illustrated in fig. 22,atabod. It 
would show that mere strength would not enable a 
member, euch as a prop, to fulfil the duty expected 
of it. Neither would the accuracy of its position in 
relation to its connected members. They would soon 
find that something more than those two otherwise 
easentials would be required. They would find this 
to lie in the having a good point of resistance, and in 
this they would see also the value of the bearing 
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surfaces we have alluded to, Still following out the 
conjectural style of inquiry we have hitherto adopted, 
and which, aa we have endeavoured to show, is likely 
to give the pupil many practical suggestions, we may 
conceive the following to have been the experience of 
an early timber worker. In erecting the arrangement 
or assemblage of timber illustrated in a 4 6 d, fig. 22, 
he found that on first inserting the prop ¢ d it appeared 
to strengthen or support the vertical position of the 
posta 6b. But as the pressure was brought to bear 
upon this which we have supposed to be exerted in 
the direction of the arrow e, he found that somehow 
the post continued to lean towards the arrow h/, and 
on examination he would find that this happened 
precisely as the end d of the prop o d sank deeper 
and deeper in the soil under the pressure communicated 
to its upper end o, where it was connected to the prop. 
The pressure on the post still continuing, he would 
at one point see that it was now able to resist it, 
and that it remained steady with no inclination to 
move in the direction of arrow 4. Curiosity rightly 
directed is a valuable characteristic in man, and 
is one of those faculties with which he is endowed, 
which, when it is judiciously exerted, has enabled him 
in times past and still enables him to push inquiry 
till valuable discoveries are often made; and always 
at the least, at all events, to obtain much valuable 
information. Against a vain and idle curiosity we 
need give here no word of warning, as we trust it is 
unnecessary in the case of our readers. This feeling 
of curiosity we conceive as prompting the early worker 
in timber, in the circumstances named above, to try 
to ascertain how it was that the pressure tending to 
bend or force aside the post a 0, fig, 22, was at last 
arrested. To gratify his curiosity, then, we suppose 
him to have scraped or dug away the soil surrounding 
the end @ of the prop, in order to lay its extremity 
bare. In doing so he found that its extreme end was 
pressing against a stone, with which it had accidentally 
come in contact, Correct curiosity leads generally to 
inquiry, and inquiry to conjecture, and this is put to 
the test of practice; he therefore put more pressure 
upon the post, and found that this caused pressure on 
the stone. Further investigation led him to discover 
that this pressure caused the stone itself to “ give” 
or “yield,” and to sink into the soil more or leas 
easily; and this not in a direct line, but more at 
one corner than another. This he found arose from 
ita shape; and at last a gleaming of the fact came 
into his mind—that the larger the surface or the 
flatter the stone the better is it able to resist the 
pressure. Further, that the position of the point of 
the prop ¢ d itaelf in relation to the stone surface 
on which it presses affects favourably or otherwise the 
capability of the stone to resist the pressure of the 
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THE LAND DRAINER. 
DRAINAGE OF LANDS OR SOILS EUITABLE FOR THE Crora 
AND LIVE Stock oF THD FARMER—Ita Histors, 
PRINCIPLES, AND PRACTICE, 





OHAPTER IL 
Introductory, 

From its being the source not only of the necessaries, 
but also of the comforts and Juxuries of life, agricul- 
ture would undoubtedly be the earliest as well as the 
most important employment of man in his civilised 
atate ; and draining, as will be presently shown, being 
the basis of every improvement in the cultivation of 
the soi], it, in some form of the art, would probably 
be practised at a very early period of the practice of 
agriculture, even when such waa characterised by its 
simplest or primary features. The reasonableness of 
such a supposition is supported by the account con- 
tained in the sacred writings of the irrigation of the 
deltas of the Nile by the waters of that river in the 
time of the Pharaohs of Egypt, with the object of 
the increased fertility of the soil, with which operation 
that of efficient draining would of necessity be com- 
bined, That the Romans, that wonderful race, who 
were so practical in all they concerned themselves 
with, had systems of drainage for their cultivated 
land, is abundantly evidenced from their writers. 
Some of these have, indeed, given descriptions which 
in detail are wonderfully minute, considering the cir- 
cumstances under which they wrote. As they carried 
their systems of polity wherever they made a conquest 
and established a colony, our country, amongst other 
benefita which it received from the Romans, received 
at least the germs of a syatem of land drainage, upon 
which, through the successive improvements of ages, 
our modern system is based. Thus we have in early 
records evidence that the Anglo-Saxon colonies which 
peopled certain districts of England, after the final 
departure of the Romans, kept up, to some extent, 
the system of drainage on the cultivated lands which 
they had left behind them.. And there is every 
reason to believe that after the establishment of 
Christianity in this country the monks took care to 
keep up the practice of land drainage which they had 
found established, if not to improve somewhat upon 
it. We shall in future paragraphs, and by the aid of 
diagrams, show the way in which, in all probability, 
the modérn system of drainage was gradually intro- 
duced amongst us, 

Whilst the only vehicle by which nourishment can 
be conveyed from the soil to the plant is a liquid one, 
and this derived primarily from the rain and snowfall, 
and from dews deposited on the surface of the soil, yet 
when the water is in redundance and stagnant in it, 
it is unfavourable to vigorous and healthy growth, 
and to the maturation of the fruits of vegetables of 
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almost any economic value. The exhalations from 
the vaporisation of water from wet grounds, moreover, 
render the surrounding atmosphere unhealthy, and 
engender disease in cultivated crops, as well as in 
mankind, and amongst the domesticated animals, 
which live on the produce of the soil. These evils 
can be obviated by providing for the eacape of redun- 
dant water from the soil by thorough underground 
drainage, instead of allowing such water to be conveyed 
from the soil by evaporation. The grazing on wet 
pastures is, of all others, a most active source of very 
malignant and fatal diseases in cattle, and is the 
certain destruction of sheep. In brief, wetness of the 
goil is a complete hindrance to every tillage operation ; 
and unless the soil is free from perceptible wetness, 
manures of any kind—either mineral or putreacent, 
or whether the same act chemically or mechanically 
—have little or no effect in recruiting exhausted or 
in supplying increased fertility, Increased depth of 
stirring wet, retentive soils, without providing means 
for the passing off of the water by ducts below, ao far 
from producing increased fertility, only increases the 
sterility of such soils, by furnishing a more extensive 
reservoir for redundant and stagnant moisture below 
the surface; and, as we shall see presently, the 
reduction of their temperature—and a normally low 
temperature—is always an accompaniment, if it be not 
one of the most potent causes, of decreused fertility. 
Object of Drainage. 

The object of efficient draining is not to deprive the 
staple or even the subsoil of that degree of healthy 
moisture necessary to the nourishment of vegetables ; 
but rather, by a subterranean outlet, to frea the sub- 
soil from injurious wetness-—entering, it is true, by the 
insterstices between the particles of the surface soil, 
but retained in redundant quantity by reason of want 
of porosity in a subsoil more or leas dense, Such is 
the most common cause of undue wetness of the staple 
soil, and which is mostly to be witnessed in ground 
having a contour of surface favourable for drainage. 
Another cause of undue wetness of surface soil arises, 
however, from moisture rising from below, by absorp- 
tion through the subsoil from a very pervious stratum 
of sand or gravel, at a still greater depth, charged 
with water received at a higher elevation than the 
surface above such wet bed, Such causes of wetness 
are to be found both on declivities and on flat, low- 
lying grounds: when the former-mentioned situation 
is the case, the wetness is to be detected in outbursts 
of weeping springs, easily to be dealt with; but, in 
the latter case, a uniform unhealthy dampness of sur- 
face is the result, only to be got rid of by draining 
—-frequently at much labour, difficulty, and expense. 
From the foregoing remarks it may be perccived 
that the object of field draining is not to remove 
water immediately from the surface, but rather to 
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. encourage its percolation through the surface soil, to 
be conducted by passages or drains from the subsoil, 
But while this is what may be called the main or pri- 


mary work of land drainage, it is imperatively necessary, - 
as we take it, that the reader new to the subject , 


should bear strictly in mind that this:work brings 
with it an advantage of the highest practical im- 
portance. And this is the facilitating of the action 
of the atmospheric influences upon the mass of goil 
under the surface and within the range of action of 
the drainage system adopted. That these atmio- 


spheric influences are of the highest cultural value, 


requires for the present simply to be stated; some 
proof of it will be given in the paragraph succeeding 
this, and fuller details will be found by the reader 
desirous to understand thoroughly their bearing on 
the present subject of land drainage in the series of 
of papers in the present work entitled “The Farmer 
aa & Technical Workman.” §o powerfully advan- 
stageous are the atmospheric influences—here only 
alluded to—in a cultural sense, that some authorities 
(and we confess that we are inclined to go to a great 
extent with them) hold that the chief advantage of 
drainage is that it puts the under-surface soil into 
that condition which permite of the action of those 
influences. Giving, however, no undue prominence 
either to the one or to the other of these two objects 
of land drainage, it may safely be defined as a method 
of treuting the cultivable or cultivated depths of 
soil in such a way that all excessive supplies and 
stagnant accumulations of water may be removed 
from, and the benefit of the atmospheric influences 
conveyed to it. This definition, while we believe it to 
be strictly accurate, is wide enough to embrace every 
point which has relation to the subject, 
Deep Drainage--Popular and Fallacious Idéas respecting it,— 
Aoration of the Soil an Essential Part of its Functions, . 
The ideas prevalent to a large extent, even amongat 
the classes who live by farming, on the subject of 
deep drainage shows how much there is yet to be 
learned respecting it. And if this bé the case with 
many of that class so obviously deeply interested in 
correct knowledge of a subject avowedly of immense 
importance to them, it can scarcely be expected that 
those classes who do the actual, or what may be 
salled the labourers’ or artificera’ work of drainage, will 
be better informed about it. Apart from its import- 
unce agriculturally, there are so many points of 
interest attached to the subject as a mere technical 
trade that we shall do the reader a service if we 
take up a little of his time in drawing attention to 
its leading points, The generally held opinion, even 
amongst many farmers, respecting drainage, or rather 
the work which it has to do, is that it has only to 
withdraw or carry off the water from the soil. Now, 
while this is true so far as it goes, it has other and 
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very important offices to perform. It is only recently 
that the beneficial effect of the atmospheric influences, 
as they are termed, alluded to in the preceding 
paragraph, upon such soils as may be laid open to 
or are exposed to them, has been fully recognised. 
We have not space to enter into this very interesting 
subject: suffice it to say that so powerfully do they 
operate upon the soil, that some go the length of assert- 
ing they bring it into.a condition much better fitted to 
receive the seeds of our cultivated plants than can be 
effected even by the most elaborate system of mechanical 


‘cultivation or working, While this may be taken as 


an exaggerated view of the point, still it tends to convey 
some idea of the important part the atmosphere does 
play in fitting the soil to bear crops, and in maintaining 
their growth till they reach maturity. The importance 
of the atmosphere as an agent, both indirectly and 
directly, in the fertilisation of the soil, cannot be, and 
is not, denied by those acquainted with what may be 
called the principles of cultivation. The more direct and 
detailed consideration of the subject will,as we have said, 
more fittingly occupy & special place in the chapters 
taking up “The Farmer asa Technical Worker.” We 
shall here concern ourselves only with the way in which 
the air is enabled to act as an indirect—or aa we may 
call it a mechantcal—agent in fertilising soil or bringing 
it into a condition fitted to give out its maximum of 


fertility, and this through the agency of drainage. 


What drainage now practically is, and by what steps 
it was gradually introduced as an important, indeed 
essential factor in the solution of the problem of how 
best to cultivate land to bear crops and maintain live 
atock or the domestic animals on their produce, will 
be described further on. 

General and Brief Statement as to how Drainage of the Soil 

is Effeoted. 

Meanwhile it is only necessary to state that the 
drains so called are made up of a series of hollow 
tubes of earthenware deposited end to end at the 
bottom of trenches cut in the soil at greater or less 
distance on or over, and at varying depths under, the 
gurface of the soil. The tubes are laid end to end 
so as to form a continuous tube or channel along 
which water can pass, and on such an incline or slope 
that, entering at any part of ita length, it flows natu- 
rally but slowly and gradually from the upper or higher 
parta to the lower and ultimately to the lowest point, 
where it is delivered either to a larger tube or to the 
ditch or watercourse forming the ultimate point’ of 
delivery. And although laid end to end and forming 
continuous tubes or water channels, the various joints 
—one joint being formed at the junction or juxta- 
position of two contiguous tubes—are not cemented 
to form what are true or impervious joints, but are left 
free, so that each junction point, where the end of one 
tube butts or lies against the end of the tube next 
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contiguous, forms an open space or ring through 
which any water passing from the surrounding soil is 
free to pass through it and enter the tube, which, 
being on the slope or lying upon an inclined bed, is 
carried away to the lowest point of final delivery. 
It is scarcely necessary to any that after the drain 
tubes are laid along the beds of the various trenches 
cut in the soil, those trenches are filled up and the 
surface of the land left free for the various operations 
of culture. The drain tubes are thus imbedded in 
and surrounded on all sides by the aoil. 
The Mechanical or Physical Condition of a Drained Field. 
We have thus in each drained field a series of hollow 
chambers, all of which, although in one sense air- 
tight—that is, considered as a whole—are left free 
for the passage of air through from end to end, and 
each joint of which acts both as an air and a water 
passage. And when we further point out that a field 
may have not merely a series of drain tubes or air and 
water chambers, or rather conduits or passages, placed 
at distances parallel to one another, but tubes acting 
as cross drains and as subsidiary and main draina, the 


actual details of which will hereafter be fully ex- 


plained in the present series of chapters, the reader 
will perceive how the under soil may be cut up, 80 to 
say, into a series of compartments by drain tubes, the 
several joints of which form in the aggregate a 
numerous collection of open spaces for the passage of 
such air and water as may reach them. And as all 
these open into tubes, and al] the tubes ultimately 
and finally terminate at pointa open to the external 
atmosphere, he will perceive that there are at least 
the means by which large volumes of air may be 
carried into the very heart, so to say, of the soil. We 
do not here enter into a minute detail of the way in 
which air is supplied or carried to those tubes by the 
action of drainage: this will be done in a succeeding 
chapter. Suffice it now to say that the water shed 
on the surface of the soil by rain, by melted anow or 
ice, or by deposited dew, os it percolates through its 
, particles, and descending from the surface, passes to 
the lower strata, where it is arrested, ao to say, by the 
drain-tube passages or jointa, passing through them to 
the interior of the tubes, carries down with it certain 
volumes of contained air; and not only so, but in a 
way which will be hereafter explained, drags down 
mechanically with it certain other or extra volumes 
of air. If, then, air be beneficial to soils—and how 
_ highly it is 60, and in what way, the reader will find 
fully detailed in its proper place in the papers entitled 
“The Farmer asa Technical Worker ”—it is obvious 
that drainage does act in another way than merely 


by getting rid of by carrying it away all superfluous | 
moisture or rather wetness or excess of water present 


in it. One of the advantages of this aeration of the 
aoil may here be noticed—and that is, increasing ite 
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temperature, which increase has a marked influsnoe 

upon its fertilising capabilities. 

Deep or Thorough Drainage raises the Temperature of the 
Soil.— Practical Points connected with this Valuable Feature 
of the System, 

By thorough draining the temperature of the soil 
is raised 14 to 3 degrees of Fahrenheit's thermometer : 
such variation in the increase of temperature of the 
soil being due to its nature—the less retentive of 
wetness, or more open, the warmer it becomes. It 
should be remembered that an increase of a degree of 
temperature represents ‘9 of a degree of lower latitude, 
and that a decrease of a degree of temperature ia 
equivalent to an elevation of 280 feet; that one cubte 
foot of water in the process of evaporation deprives 
three millions of cubic feet of air of one degree of 
temperature; and that an undrained field growing 
rushes has a permanent temperature of from 4 to 6 
degrees lower than an adjoining field—drained— 
growing wheat. 

When speaking of redundant wetness in soils, the 
supersaturation of soils by water is intended to be 
understood. Different earths require a different 
quantity of water for their saturation, When the 
water in a soil exceeds the quantity it will hold, it | 
will be perceptibly wet ; and the excess of water will 
leave the soil if there be means for its escape. This 
ia the condition of soil under supersaturation of water, 
or redundant wetness, 

Differing Capacities of Soils for Absorbing and Retaining 
Water, 

The mineral earths have not the same power of 
either absorbing or retaining water. Of these the 
most readily absorbent of water are the least retentive 
of it. Soils, however, containing much vegetable and 
animal matter are both more readily absorbent and 
retentive of water than almost any of the mineral 
earths; and peat soils, which consist almost entirely 
of vegetable matter, absorb water much more readily, 
in much greater quantity, and possess a much greater 
power of retaining it, than any other. 

According to the experiments of M. Schubler, the 
amount of water contained in one cubic foot of the 
undermentioned earths when saturated is shown by 


the weight prefixed to each :— 
Oalcareous sand. . oe 8 lb. | Garden mould ., . 484 lb, 
Biliceous sand . . 273 ,, Arable soil . 408 ,, 
Sandy clay ; a8 8 4 Fine slaty marl . . B46 ,, 
Loamy clay . . 414 4 | Gypsum powder. . 274 ,, 
Stiff a or brick Fine carbonate of 

earth, . 1 » + 454 ,, lime... a, 474 ,, 
Pure grey clay . . 483 ,, | Fine carbonate of 
Pipeclay . . . . 477 4 magnesia . 625 ,, 


Value of Drainage in respect to Droughts, 
Rain-water rapidly absorbs heat, but it can only 
convey it downwards with itself; and in ita passage 
to the drains it imparte to the soil the heat it has 
received from the solar rays and from the heated 
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surface of the earth, But if, on the other hand, rain- 
water cannot descend, either by reason of natural 
non-porosity of subsoil, or from the absence of 
artificial drainage, it will stagnate at the surface and 
be projected as vapour into the atmosphere, by which 
the soil will be deprived of the amount of heat 
required to produce the evaporation. However, of 
all other effects of drainage on the physical condition 
of soils, the most remarkable, and at the same time 
the most important, is that of counteracting the 
effect of drought, and which will here be described 
in the words of Mr. Josiah Parkes, the most eminent 
drainage engineer of the age, and the most reliable 
authority on all that relates to both the theory and 
practice of land draining. The description in question 
is from a paper in vol. v., part 1, of the first series 
of the Journal of the Royal Agricultural Sootety of 
England, 

“Tf a soil be sufficiently permeable to air, and not 
saturated with water, it is in a state to receive 
accessions of moisture from the atmosphere, which is 
a constant and inexhaustible vehicle of humidity; 
and if the temperature of a sufficiently porous subsoil 
be at or below the dew point, as. will frequently 
be the case during some portion of the day in the 
summer season, the process of depositing dew will 
take place in the interior parte of the soil during the 
day at the same time that the exterior, or surface of 
the ground, may be projecting both heat and moisture 
into the atmosphere. Thia process is evidently de- 
pendent on the relative temperatures and degrees of 
aqueous repletion of the air and subsoil at a given 
time; and independent of the hygrometric power of 
the latter—which is, however, a potent auxiliary to 
the acquisition and retention of atmospheric moisture 
by soil, particularly in its interior parts, Thua, it is 
apparent that the acquisition of moisture by soils, in 
the form of dew, is not limited to the period of night 
only, nor to the surface of the earth; and it has been 
shown that the precipitation of dew cannot take 
place without the communication of heat to the 
recipient substance; hence the importance of sufficient 
pulverisation to permit access and change of air to 
the interior parts of the soil, One of the moat 
beneficial effects of drainage may be alao safely 
presumed to arise from its facilitating the access and 
change of air to the very bottom of the bed; as in 
proportion to the escape of water, so will be the 
entrance of the air, which will, part paseu, occupy the 
place vacated by the water. 

“ Bvery observant farmer must have remarked that 
the amount of dew precipitated during the same night 
varies greatly on different soils in fallow, and still 
more on the leaves of different plants. Well pulver- 
ised soils attract much more dew than those which are 
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close and compact, as the radiation of heat is effected 
from many more points in highly comminuted than 
plane surfaces, Sands appear to be powerful at- 
tractors, and in some countries to depend altogether 
on the nightly deposition of moisture for the support 
of vegetation. An extreme example of the derivation 
of the aqueous element from dew alone, and of its 
highly fertilising qualities, is afforded by the fact that 
on the sandy plains of Qhili rain is scarcely: ever 
known to fall, yet that soil, which under other cir- 
cumstances would be sterile, is maintained in a pro- 
ductive state by the active forces of radiation and 
absorption, The temperature of the soil is moderated 
during the period of the sun’s action by the large 
amount of heat carried off combined with vapour; 
whilst the exhausted humidity is replaced by dew 
deposited during the resplendent nights of the tropical 
region. Instances are also on record of the flourishing 
growth of trees in Africa on sandy districts, never 
refreshed by rain or springs, nor by artificial supplies 
of water; whilst soils of another nature, in the same 
latitude, and not far distant, require irrigation to 
enable them to sustain vegetable life, 

“In Britain we have, generally speaking, to comhat 
excess of moisture, accompanied by a low and incon- 
atant solar heat. ... By establishing a free passage 
for water through the soil, the greater heat of the 
surface may be carried downwards, and the mean 
annual temperature of the masa of the soil thereby 
permanently raised.” 


Relative Power of Soils to absorb Water.—Ratentive Soils. 


On the subject of the power of soils to absorb 
moisture from the air, the following results of experi- 
ments by M. Schubler may be quoted : 

Bandyclay . . 26 tons per acre 

Loamy clay . .« . 980 , 
Stiff clay » «© « 86 
Garden mould . ‘ ; 45 ,, * 


So that on efficiently drained land in a high state 
of condition and cultivation, crops will not suffer to 
any serious extent from the effects of drought; and 
wherever the loss or extensive damage of crops has 
been the effect of drought, such has arisen from 
want of draining, or from poverty of ‘condition, or 
imperfect cultivation, of the soil, 

The benefit of draining is not alone confined to wet 
and retentive soils, but it may extend also to those of an 
opposite character. Soils which are not sufficiently 
retentive of water to furnish the moisture necessary for 
the growth of plants—such as clean gravels and sharp 
sands—may frequently be much improved by draining. 
The manner in which draining tends to improve these 
unretentive soils will be briefly explained in next 
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chapter, 
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THE STEEL MAKEER. 
THE DETAILS OF HIB WORKE--THE PRINCIPLES OF ITS 
PROCESSHS—THS QUALITIES AND CHARACTERISTICS OF 
1Ts PRODUCTS, 


CHAPTER I. 
Introductory. 


To have written even an extended or detailed notice 
of the steel maker's art and work some half a century 
ago, or even a much less period than that, would 
have been ea comparatively easy task. It would 
at all events have been somewhat difficult, unless 
the minutest details of practice and such theory or 
theories as were at the time available had been given, 
to have made the paper a very long one, Now, 
however, such a paper, if the subject is to be done 
justice to, has to deal with such a variety of topica, 
to notice such a number of new processes, and to 
glance at such varied theories as propose to account 
for the different phenomena displayed by the different 
styles of manufacture, that the difficulty is to select 
from the vast mass of materials which the work, 
especially of the two last decades, has placed at the 
command of those interested in the subject, When 
there is so much that is good, it is no easy matter, 
under the claims of a limited space, so to select from 
this that nothing is passed over which should be 
at least noticed, if not fully described. This new 
phase of the trade of the steel maker, or new era 
in its history, has had its origin in the introduction, 
within the last twenty or five-and-twenty years at 
the outside, of methods of producing from iron new 
metals which in modern or popular phrase are called 
steels, but which, as we shall presently see, are in 
the opinion of not a few scarcely entitled to range 
in scientific nomenclature with the metal which for 
long centuries was known all the world over as “ steel,” 
and which possessed peculiarities not belonging to the 
modern steels, so called, or if those possess them they 
do so only in a limited and more or less modified 
degree. 

Whether those new metals, in the discovery of the 
working of which some of the most brilliant successes 
of modern science have been secured, are or are not 
entitled to come within the range of the precise 
definition which decides what the old form of steel as 
a metal used in the art was, is a disputed point. But 
the fact, at all events, remains, that, known by one 
name or another, they are produced in enormous 
bulke or weights, and are used, or are capable of being 
used, for a wide variety of purposes in construction 
of all kinds, to such an extent as the most sanguine 
connected with the old and, as many will still doubt- 
less call it, the legitimate trade of steel making, would 
never have dreamed of. In the old—which come up, 
indeed, to what may quite truly be designated very 
recent—times the steel maker addressed himself to an 
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audience which was exceedingly limited compared with 
that of which the makers of the modern steels ro 
largely gain the ear. The oltentéle or customers of 
the makers of the old or only form of steel then 
known and available for practical purposes were the 
limited class requiring steel for the manufacture of 
tools and implements possessed of cutting edges; any 
extended use for it beyond this was not even dreamed 
of. And although recently the old steel or method 
of making it has been adopted for objects larger in 
bulk and for purposes quite beyond the ideas of the 
old members of the trade, this new outlet owes its 
origin to, or was the fruit of, the impulse given by 
the methods of making the new metals, or steels as 
they have been called, and which methods are capable 
of turning out articles practically unlimited in bulk 
or weight, 

The Relation of the Modern Steel Maker to the Engineer and 
Machinist using the New Forms of Steel made by recently 
introduced Processes, 

The modern steel maker—taking him, for the pur- 
poses of our paper, as one engaged or interested in the 
making of the new as well as the old forms of it— 
addresses in this state of matters a very wide clasa, made 
up of the great number of engineers and mechanics 
who are engaged in the designing and erecting of all 
those new kinds of structures, and the wide range of 
machines demanded by the growing wants of a great, 
a numerous, and a wealthy people. They are thus 
brought face to face, in the closest and most practical 
of business relations, with that large cluss of which 
the various members may be said to come under one 
common designation—namely, mechanical. It is, 
therefore, a matter of no small moment for those who 
make what ia now in reality a wide variety of stéels 
to have a good understanding with the users of it, who 
can thus throw in their way, what all engaged in trade 
of any kind like well to receive, “large orders,” And 
before proceeding with the details of their manu-— 
facture, it will be well to glance at the position of the 
trade, who make, to the mechanjcal callings or pro- 
fessions who use, these different steels, The inquiry 
will carry with it its own points of practical interest 
to both, while it will also serve asa useful introduction 
to the details of the actual proceases of the stecl 
maker, 

So much has of late years beon written on the 
subject of the new processes of steel making, and 
so frequently has attention been called to their in- 
fluence in revolutionising, as the phrase hus heen s0 
often used—the trade, and in introducing altogether 
a new era in metal production, that few of the readers 
even of the ordinary daily journals, can now, at this 
date, be supposed to be ignorant of the fact that 
something very important has been done in one of 
the largest industries of the many which have added 
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' #0 much.to our national wealth and influence. As a 
matter of course, the readers of those journals more or 
lesa exclusively devoted to practical science, even wien 
they have been of the most careless and unobservant, 
must for the last decade or two have been more 
accurately and more extensively made acquainted not 
only with the fact that great innovations had been 
made in the iron and steel manufacture, but must 
have had some conception given to them of what the 
principles were upon which they were based. Even 
with such careless readers the names of “ Bessemer” 
and of “Siemens” must have been as “familiar as 
household words,” nnd general statements of the 
enormously increased production of one of the new 
products—steel—must have been accepted as what 
may be in like manner called household facts, 


The Large Production of the Modern Form of Stes]—so onlled 
—a Striking Feature of the Trade as compared with the 
Limited Production of the Older Form of Trne—so-called 
—fiteel._A Greatly Extended Use of Stee] in Constraction 
the Result of this. 

Previous to the introduction of the new and revo- 
lutionising processes of steel making, the production, 

_ as we have already hinted at, of the metal so widely 

and universally known by thia name, waa limited to 
e weight very small indeed, compared with that of 
the works throughopt the kingdom carrying out the 
Bessemer process, with their annual yield of thousands 
of tons, and those working on the Siemens-Martin 
process, with # less, but still a large production, of this 
commodity. But not only was the production of steel 
very limited before the date of the introduction of those 
new ‘processes : its uses were equally so, being confined 
almost exclusively to the making of tools for mechani- 
eal work, and for the various cutting instruments used 
in arts and trades and for domestic purposes, So 
exclusively used, practically, that its narrow use gave 
rise to the universal definition which recognises steel as 
a metal, and the only metal which could be tempered 
and then reduced to a cutting edge of the finest 
keenness, and hardened so that this fine edge could 
be made to endure even what might be called hard 
usage. In due course of time steel began, by the aid 


of the new processes, to be made in such enormously _ 


incrensed and daily increasing weights, that the tens 
of tons of the metal representing the production of 
the old, were replaced -or supplemented by the 
hundreds of tons—if not a much higher rate—of the 
new methods. For the limited range of uses of the 
old steel, represented by objecta light in weight and 
email in bulk, a range of utility was aubstituted to 
which there was apparently no limit, by which the 
heaviest and bulkiest articles of mechanical work could 


' be made with the same relative ease as the lightest 


and smallest. From the making of knives and hand 
tools the constructive capabilities of steel were ex- 
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tended to all objects, from the steel “ permanent way” 
of our railroads to the heavy and bulky plates required 
for the building of ships, or the still more ponderous 
masses which sheathed the sides of our gigantic war 
Vessels, or formed the crank and screw shafts of the 
powerful steam-engines which propelled them. When 
all this came about, and, indeed, long before the 
capabilities and uses of the new metal producta had 
been fully demonstrated and their value thoroughly 
established, the soul, so to say, of the practical 
mechanical world was stirred to its depths. At firat 
the new processes were subjected to all the evil and 
retarding influences which deep preconceived preju- 
dices are unfortunately able to create and encourage. 
Their inventors, and those far-seeing-—at all events 


‘ unprejudiced and naturally generous-minded—men 


who supported and encouraged them, were subjected 
to all the keen invective, the cutting sarcasm, and not 


seldom to the painful, because untrue, personally pain- 


ful innuendos and vague surmises, which are the one 
standing disgrace—let us be thankful it is only one 
—of the mechanical callings. But this pooh-poohing, 
and worse, of the new processes, to which all new 
processes are subjected, and which are the deeper and 
the more lasting the more they are likely to interfere 
with what are called vested or trade interesta, availed 
nothing ; they continued to improve and to extend, till 
at last, having beyond all doubt and cavil established 
themselves as facta in the daily working of our metul 
manufactories, their resulte were universally accepted, 
and the new metala took their place as materials of 
great value in daily construction. 

Bome of the Views held by those engaged in Mechanical 


Construction relative to the new Metals—the so-called 
‘(Bteels ''—as usefal in Work. 


But with this came juster and graver thoughts o on the 
part of the mechanical world. The characteristics and 
capabilities of the new metals were more and more 
studied as their uses became more and more extended, 
But it was scarcely to be expected that the intro- 
duction of a metal which under the same name pos- 
seaned few of the peculiar characteristics, while it was 
available for so much wider a range of uses than the 
old steel, would be received without some doubt or 
cavil onthe part of those engaged in mechanical work. 
Although not, of course, to the same extent as existed in 
the minds of those who only took a generally scientific. 
or popular interest in, but were not concerned in 
the actual use of iron and steel for construction, still 
many of this latter class viewed the new metal with 
grave distrust. And this feeling extends amongst 
practical men over a much larger area than some of 
our readers may be disposed to think likely to be the 
case. Many, to the knowledge of the writer of these 
lines, to whom the new “steels,” 80 called, would 
unquestionably be of great use in their extensive and 
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extended work, persistently refuse to avail themselves 
of their help, This doubt as to the real value of the 
new metals for constructive purposes does not arise 
wholly from any doubt as to what their characteristics 
and capabilities per s¢ are; but doubts are seriously 
and honestly entertained as to whether these are 
available for their particular class of construction— 
whether theycan work them with their usual appliances 
—and last, but not of the least importance, whether 
these methods of working and those appliances would 
not bring about some bad features in the metals, if 
they are not, indeed, incapable of utilising ita good 
qualities, which up to a certain point, and with certain 
reservations, they are quite willing toadmit. Much of 
this arises from lack of a thorough knowledge of what 
the new metals really are, and of what they are capable; 
and of dislike, perhaps scarcely justifiable from one 
point of view, to try them and see for themselves 
whether they could work them up with their methods 
and with their appliances, and in so testing them to 
discover whether some modification of them were 

required. On the other hand, such doubts, they may 
aay,.are justifiable in view of all the circumstances. 
Well acquainted with what ordinary steel is, and of 
its high value for constructive purposes, if only it 
could be produced in the large weights and used with 
the same freedom as the makers of the new metals say 
they can be used, they simply hold that these new 
metals are not what they are called-——steel—at all; 
they are in fact, ao many say, only good wrought iron. 
Contention of Bome that the New Metals are not entitled to 

be olassed as Steels.—True Bteels, 

While quite ready to admit that they may not 
only be good, but really the best wrought iron which 
could possibly be produced, they, however, say, “ Well, 
this may be true, but that is just the point we wish to 
have decided ; we have had great experience in the use 
of wrought iron which has hitherto been supplied to 
us, and that experience justifies our faith in it, We 
have tried it, others by thousands have alao done 60, 
therefore ita value is established. Prove to us that your 
new metals are as valuable and trustworthy as this, and 
we should only be too glad to use them.” There is 
much, very much, in this; and while our readers will 
absolve us from any, even the slightest, desire to under- 
value any new thing simply because it is new, or runs 
counter to old-established notions or prejudices, and 
while eager to see progresa made in all departments 
of engineering and mechanism, justice demands that 
all attention should be paid to a statement so fair as 
the one we have thus put-—and which, in fact, is put 
forward by so many practical men, representing as 
they do a large percentage of metal users and ‘workers, 
They cannot be blamed for exercising caution, and 
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keeping in view the old and profoundly wise precept 
of the Scriptures, which, applicable as it is to higher 
aims and nobler objects, is not precluded from use 
in secular matters— Prove all things, hold fust to 
that which is good.” Nor can they be much blamed 
for thus being cautious and careful, when they read, 

as they easily can any day, the discussions at our 
scientific meetings, and the papers published by our 
practical journals, by practical men, who, while advo- 
cating the use of the new metals, and actually using 
them, and in many cases most extensively, never- 
theless draw attention to certain points which, if 
established, do go far to throw at the least doubts upon 
their altogether sound character, and as to whether 
as constructive materials they can be used under all 
circumstances and for all classes of work, Only, on 
the other hand, let justice be done; while many 
exercise such caution in the use of the new metals 
that they practically do not use them at all, and 
in excuse for this demand proofs of their value, they 
are bound, as members of a profession famed for ita 
progress, to do all they can to prove the value they 
desire—as they say—to know. We should never 
know the value of a thing till some one tried it; and 
the advocates of these new metals are quite justifled 
in asking those who persiat in standing aloof from 
their use, this question—“ What is it which gives you 
the right to ask proofs of their value from others, and 
to refrain from making any proofs of it yourselves?” 
Of course, the reply is this: “‘ New products are econo- 
mical objects ; let those who make and sell them do as 
other commercial men do, prove the value of their 
wares.” But the reply on the other side ig much more 
potent and more diffloult to be answered—especially 
when it is put forward, as it is ao put generally by 
those who are not interested in the sale, but only 
in the true progress of the constructive arts and 
in the extended use of the new metala—“' True! but 
in refusing to use what has been, beyond a doubt, 
proved to be valuable, you are opposing your own 
true interests.” And this really is the practical point,’ 
The value of these metals is proved; doubtless, 
faults exist, but faults exist equally in other metals ; 
and they have gained such a point in practice that 
they cannot fall back—progress must continue, 
Definition of the Term ‘ Steel'’—Practical Importance of 

Accurate Definitions of Tachnical Materials and Work. 

Much of all the doubt and uncertainty existing in 
connection with the true value of the new metul— 
we have hitherto called them metals, as practically 
they are produced by two distinct processes to be yet 
explained—arises from the unfortunate fact that in 
its introduction to the trade it was, and is still, 
designated aa “ steel.” 
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How to Strupy, aNp WHAT TO STUDY. 
QOHAPTER I. 
Introductory. 
In taking up the consideration of this important 
subject, it may appear to some that it is scarcely 
necessary to glance even briefly at the advantages 
which technical education is likely to’ bestow upon the 
workman desirous to make practical progress in his 
calling. No doubt, in a general way the great majority 
of those who are confeasedly indifferent in the matter 
will readily enough admit that education is a good 


thing. But there is a wide difference between this: 


merely intellectual, or, as it were, enforced assent to 
the general principle, and that mental determination 
to secure by patient application all the advantages 
which that principle involves, It is not enough that 
one should be convinced that it is a good thing to 
perform a certain work; it is only when the work 
is done that the practical advantages which it brings 
with it are secured, We should have no hesitation in 
deciding that a man was—to put the matter mildly 
—very silly, who persisted in asserting that he was 
most anxious to go to a certuin place at some 
distance from his home, if he never rose from hia 
accustomed chair at the fireside. His friends would 
assuredly conclude that if he really wished to go he 
would at least begin the journey. It is but a very 
commonplace truism to state that a wish is only 
valuable practically when it is realised ; and-no wish 
can ever be attained without exertion of some kind 
or another. Good things—all fables and nursery 
tules, and chall we say the hopes or fancies of those 
who long ago left the nursery? notwithstanding— 
do not fall of themselves into one’s lap; if a man 
resolves to be rich or successful in his calling, he 
knows full well that he must exert himself, give no 
slothful sleep to his eyes, no rest to the continued 
labour of his hands or the exercise of his brain. 
All this seems very fumiliar, very commonplace ; 
but having some experience of the class or classes we 
have referred to, we are but too well aware how readily 
very obvious and common-sense considerations are set 
aside as pfactically worthleas, simply because they are 
familiar, And we should see fewer of those practical 
mistakes made which render some lives lamentable 
fuilures, if common-sense and familiar considerations 
were acted upon, not merely assented to or believed 
in. Belief is worthless unless it gives life to work. 
It is to be hoped, therefore, that this all-too-wide class 
who readily enough give assent to the value of educa- 
tion, but do no more than assent to it, will do some- 
thing more than this, for it matters little how varied 
and complete may be the facilities for education if 
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those be not availed of. We have in view, nowever, 
another and an infinitely more hopeful class of readers, 


| with whom are associated pleasant thoughts of what 


practical or technical education will yet be when the 
idea of what it really is, and what it can do for 
them, is fairly and fully grasped by those engaged. 
in carrying practically out the varied and valuable 
branches of industrial work which minister so largely 
to the material well-being of the community. For 
although the statement may to some appear some- 
what strange, if not startling, it is nevertheless the 
truth—that amongst those who are not only impressed 
with the fact that education is a good thing, but give 
to its acquirement much anxious care, if not great 
exertion, there are not a few who hold views which 
are only but too well calculated to dishearten them in 
their attempts to become soundly educated; if not, 
indeed, to tempt them to give up all such endeavours, 
simply because they do not seem to carry with them 
advantages of a practical character, positively useful 
to them in their daily work. We propose in due course 
briefly to glance at what those erroneous views are. 
What is Technical Education? 

But before presenting to our readera what we may 
have to say on these vitally important points, it will 
be necessary, as tending to clear the ground before us, 
that we may arrive all the more quickly and surely at 
the place we desire to reach, to glance at one question 
concerning which it may, perhaps, be matter of sur- 
prise to some readers that there is occasion to ask it 
at all,—and that is, What is technical education? It 
is quite necessary that this question should be aalkeu ; 
for, apart from the reason that it is only but common 
sense to know what it is one is talking about (not 
always thought of, this), it will save us from wasting 
time by talking about things not concerned with the 
main subject. For, as an eminent writer observes, 
while one is talking about apples it is but waste of 
time and of words to introduce the details connected 
with wheat. But as to our question, one would 
naturally incline to decide that surely what every one 
ia talking about would certainly be known. There is, 
amongst the topios of the day which are purely social, 
scarcely one so much written and talked about as 
that of “technical education,” Speeches are made, 
lectures more or less learned are delivered, essays 
published, all pointing to the fact or assertion—for 
there are some who do hold that it is not a fact—that 
unless we nationally carry out a thorough aystem of 
“technical education,” that supremacy in the arts and 
manufactures we have so long enjoyed will pasa from 
us. And last, if it be not least, a Royal Commission, 
composed of men presumed to know all about it, has 
been appointed to examine into and report upon the 
whole subject, to see whether the above-named asser- 
tion be true; and if so, how best this same technical 
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education can be secured, and how carried out. Not- 
withstanding all this, which one would naturally 
conclude to be pretty fair evidence that what was 
go much talked about was known—and although all 
were not agreed as to how technical education could 
best be secured, one might have concluded that at 
least there would be no lack of agreement as to what 
technical education was—nevertheless we do find that 
on the very threshold of the whole discussion men 
have not seldom had to pause, arrested by the ques- 


tion, What is technical education? And we have as 


a matter of fact found not a few who were puzzled 
somewhat to give a definite answer to it. There 
are some, indeed, while not much, if at all, concerned 
in this question, who rush on to discuss what they 
assert to be all the points of it. As to the reason- 
ableness of which method one can only say that it 
does appear to be a matter of some moment that if 
we will talk about a subject we should know what 
that subject really is—if, indeed, a subject can be 
talked about which, not being defined, may be said in 
some measure not to exist at all, Certainly the wiser 
heads amongst us conclude that it will be reasonable, 
at all events, for us to know what technical education 
is, as tending to help us to decide as to the best way 
of securing it. 


The Difficulty of Defining precisely what Technical 
Education is. 

But those experienced men are by no means agreed 
as to what technical education is; so that as a result 
of this uncertainty we have as yet no definition of 
the term which is accepted by all. Not much pros- 
pect of this desirable end being reached when we find 
one of our ablest men—-as practical as he is soundly 
Bcientific—stating that “he does not know” exactly 
or precisely “what a technical school is”! If this un- 
certainty exists amongst many even experienced men, 
one would be very apt to conclude that there appears 
but small chance of deciding what t# to be taught 
in such a place which duly professes to be a technical 
“school.” What we have said before we may put 
here in another way; that before we can do a thing 
we must surely Know first what it is we are desirous 
to do; but common-sense as this view is, it is matter 
of regret that it is not seldom forgotten in other 
atlairs of practical life besides technical education, 


Linguistic Root or Derivation of the Term ‘‘ Technical.”’—Some 
Practical Points fowing from this. 

We should not, however, advise the reader to 
concern himself very much with the niceties of a 
precise definition; enough if he can hit upon some 
principle which will admit of so much of a practical 
explanation of what is to be done in acquiring 
education or information respecting his calling, in 
which he, if he be a wise and ‘Pencent man, should 
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be desirous to excel. Possibly what we have here to 
offer for his consideration may enable him to arrive at 
this practically satisfactory point.. The first and most 
obvious thing to do, in endeavouring to ascertain what 
“technical” education is, is to see if the established 
meaning of the term affords in itself any clue to the 
decision of the special point. What, then, does the 
word “technical” mean? It is based upon or derived 
from the Greek word technikos, itself derived from 
techne, an art; and “ technical” means anything per- 
taining to or employed in connection with any art. 
From this comes thé science of “technology,” in 
which is embodied the above word teohne, an art, and 
another word, logos, a speech or discourse—the two 
together meaning any explanation, written or spoken, 
of the terms or principles of any art. Here we aee 
that another term or word is inseparably involved in 
this definition—forms, indeed, its very basisa—and to 
which reference, therefore, must bemade. Technology, 
we see, is—to put it in three words—an “ explana- 
tion of art.” And as the object of all explanation is 
to impart a knowledge of a subject, and as science is 
—aa we shall more fully see when we afterwards come 
to inquire into ita root and ita general signitications-— 
really the knowing of a thing, we arrive at this other 
brief definition of technology—that it is the “science 
of art.” To those who remember the usual phrase, 
heard everywhere, “the arts and sciences,” aa if they 
werd two quite separate things—nas indeed piewuemny 
they are, as we shall in due time see—the above final 
definition of technology, which is absolutely correct, 
will give rise to some curious, if not suggestive 
thoughts, 


Moaning of the Term Art—Lesson which it affords in Relation 
to Technical Education. 

This definition of technology, or the “science of art,’ 
may be still further shortened, so that it may be called, 
and strictly, “art ”—that is, everything about it, 
Now, what is the meaning of “art”? It is derived 
from the Latin words ars or artis—these being de- 
rived themselves from the Latin root ar, to plough. 
We shall have some remarks to make which may curry 
with them some exceedingly practical considerations 
relative to the connection with and the bearing 
upon technical education which this latter word—or 
rather, we should say, the lessons which this latter 
root ar, to “plough” or turn up and over the soil— 
is 80 well calculated to convey. Meanwhile we proceed 
to say that the meaning of those words ars, artis, 
put into English may be expressed in various ways— 
all, however, conveying the same idea—namely, that 
“art” is the ability or power to do certain work or 
to perform certain actions or duties; the use or em- 
ployment of means or agencies for the doing of this 
work, the performance of those actions or duties. 
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THE GENERAL PRINCIPLES AND THE DETAILS OF BIB WoRK, 





CHAPTER II. | 
In the preceding chapter we explained the form of 
joint with “quirked” moulding or bead, in which 
the boards joined are free to give and take without 
making open joints. These ornamental joints are 
used in superior work only, In some cases the flat 
side is relieved by making at the joint an angular 
groove ; this is done by taking pff the corner or angle 
of each adjoining edge. This taking off the sharp 
corner is called “taking off the arris,” the angle being 
the arris, The same operation is in other cases called 
“ohamfering.” (For what are called “chamfers” and 
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Fig. 6. 


“ stop-chamfers ” see a succeeding chapter, and 5’ and 
o' in fig, 25.) In brick and stone work the same opera- 
tion is called “splaying” or “ bevelling”—a corner 
being said to be “splayed ” or “bevelled.” The boards 
sometimes have the “arris” taken off at the corners 
of both sides or faces; when a number thus treated 
are put together edge to edge they assume the form 
in fig. 6, the upper part of the diagram being in cross 
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section, the lower in elevation. A simpler form of 
‘the quirk bead (see the paper on “ Mouldingse—their 
Varieties — Modes of Describing and Decorating 
them ") joint for boards joined edge to edge is ehown 
in fig. 7, in which the various parts corresponding in 
the different views are indicated by letters, plain and 
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Wecuring Boards joined Edge to Edge by Ledges. 

Boards having their joining edges treated in the 
methods now described in figs. 1 to 7 inclusive, are 
secured together as in the case of a door, braced or 
ledged, not panelled (see a succeeding chapter ‘for 
descriptions and illustrations of the various forms of 
doors), in various ways. In fig. 8 we illustrate a 
method very generally adopted in the simpler form 
of doors, known as a “ledged door.” In this case 
the boards are laid edge to edge with plain joint, as 
shown in the cross section at aaa, fig. 8, and in 
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elevation at a’ a’ a’ a’; and in number sufficient to 
make the surface of the breadth required. A flat, 
broad “ledge,” “ batten,” or cross-piece, ¢ o ¢, with the 
“arris” taken off, or chamfered, at each edge on the 
upper side, is nailed across the surface of the boards 
a! a’ a', and secured by nails or screw-naila; the latter 
in good work. This batten is usually placed at some 
short distance from the upper ends of the boards 
a’ a’ a’, as shown, and another batten is pluced at the 
bottom. end of the boards, The whole are shown 
together in side elevation at 6 6, d; d being the 
ledge or batten, and 66 the edge view of the boards. 
Tn the cross section at a a, 6 6 shows the upper edge 
view of the ledge c oc. 

Recuring Boards by a Dovetailed Ledge or Cross Batten. 

In place of the ledge or batten being nailed on 


or screwed to the surface of the boards, it may be 


secured as in fig, 9. In this method a “ dovetail ” 
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Fig. 9, 


groove or martise (zee Dovetails further on), 0 0, is 


cut in the face of boards d d, as shown in face or 
front elevation at a’ a’. The “ledge,” “batten,” or 
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cross-piece @ a is formed with a dovetail tenon (see 
Mortice and Tenon in “The Carpenter”), 6 6; thus 
filling up the dovetail mortise oc in piece d d. 
Securing Joined Boards together by means of Oross-pieces or 
Rails with Surfaces Flush throughout. 

In joining boards edge to edge in order to form a 
larger, that is, broader or-wider surface, by the methods 
ahown in figs. 8 and 9, the “ ledges” or “ battens” oo, 
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Fig. 10. 
fig. 8, and aa, fig, 9, project from the surface of the 


boards. 


In superior work the surface of the united 
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centres of the batten a@ a and boards b 6, oc In 
superior work the boards 6 b themselves may be joined 
together by the method illustrated in fig. 2, and as at 
g g in fig. 10. | 
Joined Boards secured ss ora Cross Bails and Vertical 
Btyles. | 

Another method of securing the boards together 
when placed edge to edge is illustrated in fig. 11. In 
this the boards, as aa, are enclosed within a species 
of framing with two side “styles,” part of one of 
which is shown at b 6, and a cross-piece or “rail” «¢ 
connecting these. The method of joining these two 
members will be described in a future chapter when 
we come to illustrate methods of joining pieces in 
different relations to each other, as pieces at right 
angles, shown in this diagram. The boards a a may 
simply be jammed tightly up against each other by 
the side styles 6; or better and more secure work 
will be obtained by ploughing the inside edges of the 
aide styles, as b 5, and the inner and lower edge of 
cross-piece o¢; and finishing the outside edge of a 
and the upper ends of all the boards with a tongue ; 
or all the members may be secured together, as at ¢ 
and g in fig. 10, The boards, as a a, may either be 


Fig. 11, 


boards is generally desired to be “flush” or even. 
A method of joining and securing boards placed edge 
to edge together with the surface of the crose-piece or 
“flush” with the surface of the boards is illustrated in 
fig. 10, In this method the croas-piece, as a a, runs 
along the termination of the boards 5 b, which are all 
cut off “ square,” but are not left plain, being provided 
with a “tongue,” “ feather,” or projecting rib, a8 
shown at c in edge view. This takee into a groove 
ploughed out on the edge ¢ ¢ of the cross-piece a a. 
The thickness of the cross-piece aa is the same as that 
of the boards 6 6, 20 that there is no projecting part 
at the junction, but the surfaces of both coincide or 
run into one another. The tongue ¢ and ploughed 
groove oc in lower diagram are of course made in the 


or the junction at edges may be finished to show as at 
g h in fig, 4, or as in figs, 5 and 7, f is the other 
style or side-piece corresponding to 6, with upper part 
in section showing mortise at seat for tenon d, 

As elsewhere stated, the joints of “joinery” and 
those of “carpentry” in several instances are #0 
similar, at least in principle, if not in detail, and, so 
to say, overlap each other, that it is dificult to draw 
the line which separates them; the only practical 
difference between them being this, that joinery deals 
with small, carpentry with large masses or pieces 
of timber. Several of the joints illustrated in this 
peper are examples of this peculiarity, and a marked 
example of it will be found in the first paragraph of 
Chapter ITT. 
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THE LEADING PRINCIPLES AND PRACTICE OF THE ART 
OF FAMILY GARDENING, 


CHAPTER I, 
Introductory. 

It may well be questioned whether, of all the arts 
which engage the attention and engrosa the cares of 
man in the present condition of society, there is one 
so popularly attractive os that of gardening. Nor 
need this be matter of surprise. For looking at the 
art in its twofold aspect—as ministering at‘once to 
that love of the beautiful in natural objects which all 
possess more or less, and to the utilities and necessities 
of life—we find that it yields in the largest degree 
satisfaction in both. 

Gardening is essentially a healthy occupation. And 
we use this term as conveying much more than it is 
usunlly considered to convey,—as embracing considera- 
tions connected with a healthy moral tone, as well as 
a highly developed physical condition. For although, 
as in everything in which man is concerned, the taint 
of wrong-doing sullies and spoils the work, there is 
beyond all doubt an elevating tendency in the labours 
of the garden, So universally is this conceded, that 
though a good and worthy man may not be possessed 
of a great love of flowers, nor be much touched by 
the tender thoughts which their lovely tints and tones 
of colour, the elegance of their forms and the delight- 
ful odours they shed around, are so well calculated 
to inspire, yet no one doubts that if a man hitherto 
leading a degraded and degrading life, wedded to the 
evila which kill the mind aa well as the body, once 
becomes, or should by some powerful moral motive 
become, a lover of and a cultivator of flowers—he will 
have at least a much better chance of getting freed 
from the bonds of a vicious life than if he lacked the 
love of, and did not give the needful care to, the culti- 
vation of the products of the soil, at once lovely and 
useful as they are. 

Healthy Moral Influence of Gardening. 

For in such cases—which have, fortunately for society 
and infinitely more so for themselves, been by no means 
few in the experience of everyday life—it would be 
found, as many have found who have never been the 
bondsmen of the grosser vices of society, that such 
a keen interest in the occupation of the garden would 
spring v/, such an earnest desire to persevere with its 
varied and ever interesting work, that the desire to 
give the necessary time to it would become a stronger 
incentive to action than that which might tempt them 
to go once more astray in the old walks of degrading 
vice, We do not say that this woud at once be the 
case; but assuredly if a man began with even but 
a emall degree of earnestness in the work of the 
garden, it would so rapidly grow in interest that he 
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would be Jess and less inclined to leave it for accus- 
tomed haunts, even with all their powerful induce- 
ments to go astray from the paths which lead man to 
higher and purer life. We purposely cite this case, 
inasmuch as it affords evidence as striking as it is 
truthful of what we have advanced, that gardening 
is essentially a healthy occupation—healthy alike in 
promoting the moral as well as the physical condition 
of those who engage in it. Nor does the fact that 
there are exceptions to this, and that very good 
gardeners there are who are very worthless men, at 
all detract from or give denial to its truth; they only. 
prove the rule, For in truth the work of gardening 
is a singularly fascinating one: so fascinating and 
engrossing in its varied cares, that thoése who have a 
strong natural love for its work seem to have this 
more and more strengthened the longer they occupy 
themselves with it, while in the case of those who 
have no well defined liking for it, but who have 
from one motive or another been induced even in 
late life to begin its work, it is found so attractive 
that they—very much to their own surprise, as we 
have known in more instances than one—get the 
more and more to like it the longer they keep doing 
its varied and ever varying work, 
Gardening as an Industrial Art.—A Producer of Vegetable 
Food, 

As to the value of gardenmg as one of the industrial 
arts which minister to the necessities of man, little 
need be said, Next to farming it is about the first 
essential in life, without which men could not live, 
and without which none of the arts could exist or 
flourish, The products of the veretable and the 
market gardens have now become positive neceasities 
of man’s civilised condition ; the want of which would 
create a wonderful difference in the way in which 
that existence or condition would be supported. And 
the same, although in a sense more or less modified, may 
be said of the fruit garden, And this latter, we may 
remark, is becoming more and more important as one 
of the factors in the sum of physical well-being, For 
the love of or the taste for fruit is becoming every 
year more and more developed. Nor must the fact 
be overlooked that the truth is becoming more 
accepted amongst all classes of society, that fruit 
exercises a remarkably beneficial influence on healthy 
physical development, 

Gardening as Ministering to the Love of Flowers, 

As to the fascination of the flower garden we need 
say but little, It is but few, we are happy to say, 
who are not delighted with the gifts of Flora, They 
possess more than one charm; for while they gratify 
the sense of sight by the variety and the beauty of 
their forms and the freshness of their foliage, they 
perhaps in even a much more touching and telling 
way minister to gratification by the sweetness of their 


THE COTTAGE AND THE VILLA GARDENER. 


odours—of which there is an endless number, with 
variations in delicacy as numerous. Many there are 
amongst us whose time occupied exclusively in business 
cares, or whose health prevents them from all exertion, 
who do not care much, if at all, for the labour of 
love which others devote so freely to flower culture 
and care; but there are few indeed who do not enjoy 
the sight of their well-stocked flower plots, or if they 
be not blessed with the actual possession of a garden, 
are not greatly gratified by the gift of a nosegay 
to grace the room of a wife or a daughter, or of a 
button bouquet to flourish in busy mart, lighten up 
some dingy office, or to show off “on ’Change.” And 
it is gratifying to note that this love of flowers, so 
almost universally held by man, is becoming more and 
more extended ; and, as in the case of the products 
of the fruit garden, so in this, it is becoming more 
and more conceded by all that flower cultivation is 
becoming an important. factor in calculating the 
civilised condition of the community, 

Doubtfal whether wo nationally make the most of Gardening 

as an Industrial Art. 

Tt is very questionable, however, whether we make 
the most of gardening as an industrial art. Indeed, 
a closer survey of the actual condition existing 
amongst us would seem to indicate that it is not 
questionable at all, but that on the contrary we may 
at once decide that we do not. To keep for the pre- 
sent out of view consideration of localities in towns 
and their suburbs, and looking at what may be 
strictly regarded as rural districts, there are in those, 
pieces of land or extents of ground which, not at 
present availed of, indeed, not practically available, 
for farming purposes, could be used, and profitably, 
for gardens. Those as a rule would pay best if for 
raising vegetables, For them there is an ever in- 
creasing demand, It may, indeed, be said that the 
supply as a rule throughout the country has never 
been at all equal to it. We have never yet met with 
an instance in which, where additional gardens were 
opened, the products raised in them could not be sold. 
The more there is grown the more there is sold. Now, 
for these pieces of land for which there is at present 
no use—at least, no paying use—there could not 
be a better employment than their conversion into 
cottage gardens. From what we have already said, 
our readers will understand that in making this sug- 
gestion we have a double object in view; or rather, 
such an extension of cottage gardens which would 
flow from its adoption as would bring with it a double 
benefit. For while they would add largely to the 
supply of vegetables, and in the same degree add to 
the pecuniary resources of our cottagers, they would 
in large measure act as training schools, so to say, in 
which incentives to higher and ‘purer life would be 
met with. As affording work for the head of the 
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small household, they would be directly useful, while 
in great measure they would call up the help of the 
children, And even a very young boy or girl can do 
useful work in a well stocked and carefully cultivated 
garden to a much greater extent than most would be 
inclined to admit or believe who had no practical 
experience in this direction of household labour. 
An Inorease-of Cottage Gardening an Important Social 
Question, 

But apart altogether from the question of such an 
extension of cottage gardens, as affording a large supply 
of vegetables for the general market, the primary 
purpose they would serve asa the gardens for the 
cottagers themselves is one of the most important in 
@ social point of view. It is impossible to overestimate 
the value of a garden to a cottager. It helps to keep 
—and as a rule, with careful management, in many 
cases actually keeps—‘ the wolf from the door,” aa the 
saying is. A family supplying, or rather having the 
opportunity which a good garden affords to supply 
themselves with sundry vegetables, is rarely in want 
of the positive necessaries of life. For the mere refuse, 
or, a8 it is called, the waste of the garden, goes far to 
keep a pig; and much food, also otherwise useless, can 
be got for a small stock or “head” of poultry, And 
when, as assuredly will in time come about, the value 
of a “ goat” for family purposes is as much appreciated 
as it is on the Continent, a garden would be found 
yielding much that would help to keep this the “ poor 
man’s cow.” But much as is often really made of the 
cottage garden, and numerous as are the instances 
to be met with throughout the country in which the 
very most is made out of a tiny piece of land, it may 
with all sufety be accepted as a truth that, as a rule, 
by no means is the most made of our cottage gardens, 
Let us glance at some of the points of this position. 
Practical Points connected with Cottage Gardening.—Looality, 

Position, or Site in relation to the House or Cottage. 

In the case of the cottage gardener little requires to 
be said as to choice of site or locality. This is a point 
which concerns him who has the means at command to 
purchase a place, or is so situated in life as to enuble 
him to select his house, with its attached or con- 
nected garden, in the locality and in a position or 
site best suited to his tastes and notions of what a 
garden should be. But it does not concern the 
labouring man, whose gardening we are now briefly to 
consider in the light of the question, “how to make 
the most of it.” In his case the choice of a garden 
is the one so well known as that which ‘‘ Hobson,” the 
innkeeper, gave to his customers in the matter of the 
horses they required, “this—or none,” In other 
words, the labourer has no choice ; he has to take what 
he can get, as he has generally to take in like fashion 
the cottage itself. And he should, and as a rue does, 
consider himself very fortunate indeed if he van get 
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a cottage with a garden attached to or closely con- 
nected with it. So highly isa “bit of garden ground ” 
valued, considered and let as part of the cottage, that 
not seldom do labourers rent cottages badly con- 
structed and deficiently arranged, which they in 

other circumstances would not take, as being so very 
uncomfortable, mmply because they consider the 
possession of the “bit of garden” attached to it of 


even greater importance to them than the cottage 


they live in. And so far os this latter is concerned, 
it may indeed be said with truth that, as a rule, in 
country and suburban districts, cottages are so badly 
constructed and so deficiently provided with accom- 
modation, that it is a matter of very great difficulty 
for the labouring man to provide his family with one 
‘which only approaches—and that very remotely—the 
standard of a good, healthy, and convenient cottage. 
In this again it is “ Hobson's choice.” (See the papers 
entitled “The Sanitary Architect ” and “ The Domestic 
House Planner” for remarks on this subject.) 
Practical Points of Cottage Gardening.—-The Allotment 
System, 

We have said that the value of the “bit of a 
garden” is all the more highly esteemed if it be in 
immediate contiguity to the cottage in which the 
‘abourer lives, There is very much more in this than 
appears at ite first consideration, Infinitely better, 
no doubt, than having no garden at all, is the posses- 
sion by the labourer of a small plot of “allotment 
garden,” the locality of which is at some distance from 
his home. The allotment system is one which meets 
with the earnest approval of all those who are truly 
interested in the welfare of the labouring man, and 
who desire to place within his reach all means which 
will tend not merely to help him in his attempts to 
bring up his family comfortably, but those which will 
act as a powerful incentive in keeping him from 
attractions which only waste his means and ruin alike 
his health and prospects. But the allotment system, 
good as its influence is, is only at the best a make- 
abift, so to call it—a compromise between that which 
is desirable and that which can under the circum- 
stances only be obtained. 

One feature of the allotment system is that the 
ground or land on which its garden plots are, is situated 
in some defined locality. This may be nearer some 
cottages in which reside the labouring men who culti- 
vate the allotment plots than is the case in others, 
But in relation to all of the cottages the allotment 
plots are situated at some distance—often at a con- 
siderable distance. To this rule there are but few 
exceptions; indeed, it can scarcely be otherwise, as 
the land for allotment gardens is not always easily to 
be obtained, and at the best it must, where choice 
is to be had, be placed so as to be nearest the greatest 
number of the cottages of those who cultivate its 
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plots, Now, this distance, even when it is of the 
shortest, is a great drawback. A labouring man must 


indeed be either very fond of gardening, or be im- 


pelled by high motives of regard for and interest in 
the. welfare of his family, who after a very hard day's 
work is induced, or feels inclined, to leave his cottage 
and walk over or along to his garden plot in the 
allotment ground, Those whose ‘lines of life are 
“cast in more pleasant places” than are those of the 
labouring man have to ask themselves how they would 
feel and act if placed in those circumstances, And 
even in cases where the physical labour they have 
had to undertake in the conduct of their business is 
infinitely less than that of a labouring man, we are 
assured that after coming home from business they 
would feel as a rule so tired—and the jading feeling 
arising from the worry of business is often worse than 
the fatigue of physical exertion—that in nine cases 
out of ten they would make an excuse for not going 
to their garden work, if the garden lay even but 
across the road, or but a short distance along it, 


The Allotment System of Cottage Gardening in its Working 
and Social Aspeots. 

This feature in a social point of view is very 
important, and as its importance takes hold of the 
public mind, so shall we see efforts in the right 
direction made. And that direction is ‘easily enough 
found, for it lies in but one way—namely, that the 
garden should be part of the land on which the cottage 
stands. Numerous enough and powerful enough, in 
sad and sober truth, are the inducements or attractions 
held out to labouring men to leave the path of sobriety 
end prudent living. And it is, to say the least of 
it, scarcely wise if we lessen the power. of the good 
influences which we can bring to bear upon him. 
Those good influences are unfortunately not #0 
numerous as to justify easy laxity in their applica- 
tion ; and of the few we have, the possession of a 
garden is one, perhaps, of ‘the most powerful. For it 
appeals, as we have shown, to two strong motives for 
exertion in its work—the pleasure which the work 
itself gives, and the pecuniary advantages which flow 
from that work. When we know better than we do 
now what is due not merely to those who labour, but 
to those for whom the labour is done, we shall find’ 
it to be a rule that a garden closely attached to the 
cottage will be deemed an essential part of every 
labouring man’s “home, And this not merely in 


' gountry placea, but in the suburban districts of towns, 


Time an Essential Element in the Keonomical Working of 2 
Cottage Garden, frequently overlooked.—Importance of 
having the Garden adjoining or very near to the Cottage. 

Although some may not think, or if thinking thereof 
will nevertheless not admit, that the time of the 
labouring man is of much or any value, it is worthy 
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of note, however, that it is of just as great value to 
him, and has quite as high a proportion to his means 
and income, as the time of the busiest and best paid 
‘man in any class above him, And if one would but 
think of it, one would perceive that the hardness of 
the toil gone through by the labourer in his ordinary 
day's work makea the time he has to spare for 
himself all the more valuable. Assuredly we should 
not compel him to waste his time in any unnecessary 
exertion, especially in the doing of such work as is 
likely to elevate him morally and socially. Hence one 
reason why we insist upon the duty of those above him 
‘to give him his garden attached to his cottage. Another 
reason, and a specially good one, for securing this 
dual relationship between his house and hia “bit of 
land” is one well known to every lover and practiser of 
gardening. And it lies in the fact that a very great 
deal of what may be called the minor work of culti- 
vation, whether of flowers, fruit, or vegetables, can 
be done, and is done in individual cases, in the space 
of a very few minutes. We have said that this is 
the minor work of cultivation. But in view of the 
important and beneficial effect on the health of the 
plants which such minute cares exert, one is inclined 
to rank them as important ag any other branch of 
work, Every one knows how in strolling through a 
garden, or in looking at plants in the conservatory or 
the sitting-room, with no idea of doing work—rather 
that of “musing” or amusing oneseli—something 
attracts the eye in connection with a plant, and 
something done to it followa which the practised eye 
tells us should be done. And yet it is done in a 
minute or so, and thus without any seeming exertion, 
A great deal of useful work is thus effected, while all the 
while the matter is one of but amusement only, And 
yet every lover of planta knows well how kindly they 
take to such little gifts of attention, as if they loved 
to be attended to, and repay a thousandfold the little 
loving cares thus shown them. All observant lovers 
of plants and flowers will know well what we mean 
in saying all this, although to those who are not 
it may appear to be a “bit of romantic nonsense.” 
Now, a labouring man who can by walking out of 
his cottage door reach in a step or two his tiny plots 
of garden—even if he goes out but to take his evening 
smoke or “look a bit about him,” may be able to do 
many a kind office to his plants and flowers without 
much exertion, And if he likes his garden he will 
be certain to do these kind offices. Indeed, we are 
not.sure but this doing of little things in gardens 
constitutes one of the highest pleasures of their work, 
Tt seems to bring one in such close relationship with 
individual plants and flowera, that a love for each as 
if each were # personality, a “ living, loving thing,” 
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arises in the mind. Here again, to those who are 

not lovers of plants and flowers we shall seem to be 

but “ talking nonsense,” 

Gystem and Order in working the Cottage Garden Easontial 
Elements in Success, 

But if spare moments of time ‘can be thus made 
useful, and highly ao, it is, from what we have said of 
the value of time to the labourer, essential that he 
should make the most and the best of it. And he can 
only do this by having “order and method” in all he 
does, And if he attends to these—or rather this, for 
they are one and the same thing—he will be sure 
to economise his time to the utmost, Order admita 
of no waate—is indeed, as we have said, the truest 
preventive of it, If what may be called “odds and 
ends” of work constitute, as we have seen, one depart- 
ment of the labours of the garden, another, and the 
most important department, is made up of continuous 
and regular work. Each set of plants has its season ; 
and each, therefore, must have its preparatory work 
done in due time, so that the season may be met: 
otherwise it is lost. And although there are some 
plants which offer facilities for thriving more than 
one season in the same year, there are others for 
which there is only one season in the whole year. 
This it is which makes gardening and farming alike 
essentially different from the great majority of other 
industrial pursuits; for while in those, if through 
laziness, indifference, or positive and wilful neglect, 
an opportunity of doing a piece of work be lost, there 
is nothing in the circumstances to prevent that work 
being done immediately after the folly of the first 
waste of time has been perpetrated. But in the farm 
and the garden, if a season be lost, one has to wait for 
a whole year before another opportunity is had to 
retrieve the error. In fact, it can never be retrieved ; 
it is the gain of well done work utterly lost. A loss 
of this kind in other classes of work may be actually 
made up by extra work, by “stealing an hour from 
the night”; but there is no resource of this kind 
to the gardener who loses a season in certain crops. 
In other crops, as we have said, there is more than 
one season during the year; these can be cultivated 
in @ succession of crops. Thus one may have more 
than one crop of turnips in the same year. Still, if 
one of the chances be lost, the rule named above holds 
good, and practically a season lost can never be made 
up for: Hence the labouring or cottage gardener 
portions out his work in due order, and it must be 
begun, too, at the proper time, and carried out till it is 
completed. Half-done work in gardening may as well 
be let alone, for it has no claim to be considered good 
work at all, and will yield little-~not even half « 
crop. 
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THE ORNAMENTAL DRAUGHISMAN : 
Hig STUDY AND THE DETAILS OF ITS PRACTICE, CHIEFLY IN 
RELATION TO TECHNICAL WoRK IN MANUFACTURING 
DEBIGN. 





CHAPTER IV. 
At the end of last chapter we made a few remarks 
on the importance of the student attending to the 
simple subjects we had there given. In all serious- 
ness we advise the pupil not to leave this first series 
of lessons for the next until he has mastered them 
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Fig, 18. 


thoroughly, Let him bear in mind the lesson con- 
veyed in the adage, “ Fear in argument the man of 
one book,” Equally may he fear in execution the 
man of one accomplishment. The great ornamental 
draughtsman, simply as such, is he who can draw 
perfectly straight and curved lines, and both of them 
equally well. 

The student will at once perceive the object of 
these illustrations now to be given. They are intended 
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to give examples of curved lines, and examples like- 
wise of straight and curved lines combined, just as the 
previous figures commenced with straight lines. The 
first figures, he will notice, are of the simplest character. 
They gradually assume greater complexity, until, in 
the last, he has examples of no ordinary difficulty set 
him, Observe how almost imperceptibly such diffi- 
culty increases from figure to figure, the intention of 
which slow development he will of course, or should, 
understand, 


Fig, 19. 


Lessons in the Drawing or the Copying of Curved Lines—Some 
Considerations connected with them. 

In the preceding paragraphs we gave various lessons 
in the drawing of straight lines, and illustrations of 
their application to the simpler forms of ornamenta- 
tion in different known and accepted “styles,” by 
which name the various classes are distinguished. 
We now take up the department of “curved ” lines ; 
and in this, as in the simpler lessons of tho earliest 
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stages in the art, we would impress upon the pupil 
the importance of mastering each lesson thoroughly 
before he proceeds to the succeeding one. Haatily 
done is almost certain to be badly done work, and he 
must have a strangely constituted mind who would 
look upon this as the desired-for result of any 
labour. ‘The Romans had a proverb which somewhat 
paradoxically declared that progress was all the 
quicker the slower it was made. The same lesson is 
taught us in our own proverb, “ Slow and gure,” or 
“Slow and steady wins the day.” And the lesson 
these sayings teach us, as well as the experience of 
all who have succeeded in life—of which, indeed, those 


proverbs are but the concrete experience, embodying, . 


as so many of our proverbs do, the wisdom of ages or 
generations —is simply this, that patient work is 
necessary to the accompLshment of good work, And 
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sustained in a way which he himself in his begin- 
nings could scarcely have believed possible. So in 
like manner, although his work is as delicate as that 
of the other is forcible, will the young draughtaman 
find that the longer he practises in the right way, the 
easier will his practice become, till at last he becomes 
a “deft and clever workman, worthy of his work 
and of his hire.” We say, in the “right way,” for 
if not, progress is just so much time wasted, leading 
him, as every step of it must Jead him, farther and 
farther away from the point he wishes so much to 
reach. The art of the ornamental draughtsman, like 
every other work to be done, has its apprentice 
period, and if the pupil earnestly make up his mind 
to face what is called the “drudgery of ‘prentice 
life,” with o determination to do it cheerfully and 
well, he will find that it is no drudgery at all, but a 





Fig. 20. 


the more that patience is exercised, and the longer, 
therefore, the time taken in learning to do work well, 
the greater is the facility with which the good work 
ia done, and in proportion the leas demand there is 
made for the exercise of patience and the outlay of 
time, It is thus, and only thus, that true dexterity 
in the doing of any work is obtained. And in this 
truth the pupil should take comfort, if comfort he 
needs, in view of what claim work will make upon 
him for patience in learning to do it well, For he 
will find that each step carefully and firmly taken 
will give him precisely the strength he requires to 
take the next and more difficult one. The young 
blacksmith’s arm becomes the stronger the more he 
wields the heavy iron hammer, till at last it becomes 
as if its muscles were themselves bars or rods of iron, 
capable of showering down blows fierce and long, 


mere necessity of the work—as little to be called 
drudgery, seeing it is the very basis of all higher 
work, as the foundation of a building is to be pro- 
nounced unnecessary or useless, since it is out of sight 
and is the first part of the work which has been done. 

Such considerations, and the thoughts to which 
they ought to give rise, are of the utmost value to the 
art pupil. We do not for a moment conceive that 
any of our readers have that unfortunate constitution 
of mind we have alluded to, which permits them 
willingly to accept of bad work as a necessary result 
of labour, or to be satisfied with it when it is done. 
Few indeed have their judgment so warped or their 
minds so filed (“For Banquo’s issue have I filed 
my mind ”—Shakespeare in Macbeth) as this, Still 
one may have his morale not thus debased, indeed, 
have it high and pure, and yet be tempted, in his 


168 


haste to be a successful ornamental draughtsman, to 
overlook or overrun those wise and prudent precau- 
tions by which alone success can be won. What, 
however, we have here and elsewhere said, should be 
enough to show him how this danger can be avoided ; 
and avoid it he must if he wishes to be a sucessful 
and useful draughtsman. For success now-a-days 
more than ever is only measured by the extent of its 
utility. 

First Lesson in the Drawing or the Copying of Curved 

Lines. ! 
In commencing our lessons on curved lines, let us 


take fig. 18 in hand. One simple-looking curve 
enough here, certainly: as simple as the pot-hooks 
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the pen-and-ink flourish of a wiitiae -master. the 
figure you are copying waa not drawn so. Keep the 


whole bend of the line in your eye, and as you 


deliberately progress towards 6 compare strictly what 
you are doing with the beginning of the curve, as 
well as with the original.” It is absolutely certain, 
though, despite all his pains, that his first copy will 
not bear for a moment the severe scrutiny to which, 
in accordance with the instructions given concerning 
figs. 1 to 6, it will be subjected. But the habit of 
dogged perseverance, which frowns down all diffi- 
culties and tramples down all obstacles, will soon 
teach him the direction in which success lies. It haa 
been said by a deep thinker that “there is no such 
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Fig. 21, 


and hangers of our schooldays. But in no wise will 
it be prudent for the young ornamental draughtaman 
to regard them as co easy of imitation that he may 
sensibly “slur” over them. His experience of the 
subjects in figa, 1 to 6 (straight lines) will have given 
him some notion of the difficulty of copying seemingly 
“simple” examples; and it is therefore, we hope, un- 
necessary to caution him here against shirking the 
faithful drawing of what we place before him in this 


re, 

With great cire, then, let him try to copy the 
curve in fig. 18, starting at a. Set about the work 
alowly. “ Do not fancy”—let us say to him—“that you 
~-— draw that curve with a dash of the pencil, like 


thing in this universe as genius, in the common 
acceptation of the word. Profound skill in anything 
is impossible without downright hard work. The 
philosophy on this matter is synonymous with that 
of one who said, ‘Genius is the transcendent ‘sbi of 
taking trouble.’ ” 


' Becond Lesson in the Drewind or the Copying iter 


The curves in fig. ry ‘the young ornamental 
draughtsman will draw and criticise after the same : 
fashion, remembering, however, to begin at the top; 
figs. 18 and 19 being formed on exactly the same 
principle, and being, in & measure, the same curves, 
but standing differently related to the edge of the 
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sheet. Fig. 20 is a lesson on the same direction of 
curve as in fig, 18, and the lines of it are related 
to each other'as in fig. 19, but joined at foot by a 
convex curved line as shown. The dotted lines in 
these three figures, as also in figs. 21 and 22, show 
how straight lines may be put in by which the pupil 
may, as it were, “chalk” out the leading lengths, 
etc., of the curved lines, These test lines, as they 
may be called, are of course to be put in, in the 
lightest pencil line, and their relations to each other 
must in all cases be decided by the eye. This accurate 
estimation of lengths or spaces is one of the things 





Fig. 
first to be learned by the pupil. But upon this point - 


we have already enlarged 
Third Lesson in the Drawing or the Copying of Curved 
Lines. 


Fig, 21 is an illustration of a different order of 
curved line. In copying this the pupil should first 
draw a light line corresponding to the dotted line 
a 6; and on this, estimating with the eye as 
scourately as he can, giving to the depth a 6 of the 
figure, the distance 6 a—and through point a, of course 
at right angles (seo the paper “The Geometrical 
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Draughtaman ”) to a 6, draw a line o d, estimating, 
again by the eye alone, the width of the curve or 
figure at top; half of this is set off, on each side 
equally of the point a, toc andd. The pupil is now 
prepared to put in the curves. The first put in is 
that to the left hand, beginning at the upper left- 
hand corner ¢, and drawing to the point 5. This 
being done, he puts the right-hand curved line in by 
drawing from upper right-hand corner d to the point 
6, making the curve to match precisely the other. 
After he has finished he must conscientiously examine 
his copy, not merely with a view to test the accuracy 
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of his curved lines, but that of the distances which 
give what is called the size or dimensions of the 
drawing. The pupil should copy fig. 22 in the same 
manner, observing that the lines incline inward a 
little more at the top than fig. 21. Now let him 
proceed at the top left-hand corner, a, to draw the 
waving or wavy line down to the bottom, 6, and make 
the right-hand side to match it; and then carefully 
examine the drawings and see that they are like the 
copies, The draughtsman must not be satisfied if 
they look like the originals: they must be absolutely 
the same. 
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Tim CHEMISTRY AND TECHNICAL OPERATIONS OF HIS 
TRADE. 


CHAPTER III, 
Thickening Pastes (continwed). 

Extract Paste-—This is a mixture of gum dragon, 
starch, acetic acid, and oil, The ingredients must be 
very well boiled. The following are the usual pro- 
portions; three gallons of water, three gallons of 
1 Ib. per gallon solution of gum dragon, three gallons 
of acetic acid or good vinegar, 12 1b, starch, and 
three gallons of rape or olive oil, After boiling, the 
mixture is cooled and then strained, when it is ready 
for use. As its name implies, itis used solely for 
thickening alizarine extract colours, 

Pigment pastes are generally composed of a mixture 
of kid glue and starch, to which a little oil, turpen- 
tine, and glycerine are usually.added. The ordinary 
strength is 44 lb, glue and 1 Jb, wheaten starch 
per gallon. One part of a paste of 9 Ib, glue per 
gallon is boiled together with one part water and 
1 lb, starch per gallon. After boiling, the oil, tur 
pentine and glycerine are added in small but variable 
proportions, The latter three constituents are added 
to prevent frothing in printing, This mixture is 
chiefly used in pigment colours along with albumen. 

8. Thickened Mordant Pastes. 

Tannic paste is a mixture of starch and tannic 
acid, generally with the addition of acetic acid. It 
is usual for convenience’ sake to have two strengths 
of this paste—one being 1 lb, of tannic acid, 1 |b, 
starch, and 1] pint acetic acid, at 8° Tw.; and the 
other 2 lb, tannic acid, and same quantities starch 
and acetic acid. The ingredients are simply boiled all 
together till the starch thickens, and used cold. It 
is employed for mixing the aniline colours. 

Acetate of alumina paste for certain aniline colours 
that are fixed with alumina, and for a number of 
other colours. It is prepared by thickening acetate 
of alumina liquor, at about 12° Tw., with 1 Ib. starch 
per gallon; the paste thus obtained is cooled, and 
1 gallon of a cold solution of 6 Ib, of white arsenic 





per gallon of glycerine added for every 20 gallons of | 


paste made. The arsenic standard is prepared by 
boiling the arsenic and glycerine together for several 
hours, and decanting it from any sediment that may 
remain. Solution of borax may be substituted, but 
disadvantageously, for the glycerine. It is uaual to 
have at least two different alumina pastes: lst, one 
consisting of the above paste, and used for strong 
colours—f.e, for deep shades of colour; and 2nd, 
this same paste reduced to half strength by mixing 
with an equal quantity of starch paste, and used for 
light shades of colour in which leas mordant is 
required, 


_ete,, are also made from red liquor. 
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Having now mentioned the most generally used 
pastes containing thickening and mordant, we next 
proceed to treat of the chief standard pastes ready 
for printing, or in print-works language “colours,” 
—consisting either of thickened mordant alone or 
mordant.and colouring matter. 

8. Thickened Mordants for Dyeing. 

The thickened mordant is printed on the cloth, and 
the cloth undergoes the dyeing process—the dye fixing 
itself only upon the mordanted parte, thus bringing 
out the design or pattern. 

1, Alizarine Reds.—Many receipts are in vogue for 
making mordant pastes for alizarine red and pink; 
but that we now give has been very extensively 
adopted, and, provided the red liquor be of the best 
quality, yields as good a red or pink as can be 
obtained. One part of red liquor at 12° Tw. to 24 
water, and mix with 14 Ib, of flour per gallon. Boil, 
and when nearly cold add 1 oz, of tin crystals per 
gallon. For the convenience of the printer, to enable 
him to see the impression, it ia usual to add to the 
above a little magenta solution or Persian berry 
liquor. From this standard paste different reductions 
or degrees of dilution are made with starch paste and 
water, according to the depth of shade up to which 
it ig wanted to dye the pattern. For pinks aluminate 
of soda is frequently used instead of red liquor (see 
further on), 

2, Madder Black Mordant.—This is simply acetate 
of iron liquor at 8° Tw., thickened with a mixture of 
starch and British gum. 

8. Madder or Alizarine Purple or Lilao Mordant.— 
For light shades 23 gallons of water and 36 1b, of 
flour are thoroughly mixed and boiled; 1 gallon of 
solution of arsenic in caustic soda, 1 gallon of acetic 
acid, and 1 gallon of iron liquor at 24° Tw. are then 
added. For dark shades 12 gallons of the above, 
10 gills of water, and 1 gill of iron liquor, 

4, Alizarine Chocolate Mordants,—These consist of 
mixtures of iron liquor and red liquor in varying 
proportions. The following gives an average colour 
—Six parts red liquor and one part iron liquor, both 
at 24° Tw., reduced with water and thickened with 
flour, according to the shade which it is required the 
dyed goods should be. 

5, Mordants for Antline Colours, Persian Berries, 
An ordinary 
shade would be red liquor at 6° Tw., thickened with 
flour. This mordant paste is used for dyeing aniline 
greens, blues, and violets; the paste is printed on, 
and dyed up in @ tannin solution, and then in the 
solution of the dye. Tannic acid paste made ag 
described above is also used for dyeing many aniline 
dyes; but in this case it is necessary that the cloth, 
after printing, should be passed through a bath of 
solution of tartar emetic (about 1 to 2 oz. per gallon), 
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20 that where the latter 1s not admissible, or injurious 
to some other colour of the pattern, the alumina 
mordant is used; whilst if greater fastness is re- 
quired tannic acid mordant must be used. 1 Ib. 
per gallon of pure tannic acid dyes up deep shades 
of aniline greens and violet, methylene blue, and 
auramine, 

6. Catechu Mordants.—These are principally for 
dyeing with the dye-woods—such as peachwood, bark, 
sumac, and also for garancine; various mixtures of 
these being generally used according to the shade 
required. The following example will give the reader 
‘an idea of the general composition of catechu mor- 
dants:—Take 1 lb, of catechu, boil in 1 gallon of 
water, add 1 Ib. of sal-ammoniac, 1 pint of acetic 
acid, and ,,nd part nitrate of copper, and thicken 
with starch. This is printed on and dyed-up in the 
usual way. 


4. Thickened Pastes containing Colouring Matter as well as 
Mordant, 

1. Alizarine Coloure, or “ Eautract Red Colours.”"— 
The preparation of these colours, made from alizarine 
paste, requires the utmost care. Few colours demand 
more attention to cleanliness in their preparation than 
those of alizarine extract. It need only be remem- 
bered that alizarine yields with iron a chocolate or 
other dark shade, and that there is scarcely a more 
widely distributed substance than iron—that it exists 
alike in the earth, in the materials of buildings, and 
in dust—to see how necessary for the production of a 
pure red colour to exclude the dust that flies about 
the colour shop, dirt from the colour-mixer’s hands, 
or from colour-tubs, etc. For the same reason the 
drugs used in mixing these colours should be as pure 
as can be obtained ; especially should there be absence 
of traces of iron, copper, and lead. Extract colours 
should always be as freshly prepared as possible, and 
made only in such quantities as are required, from 
time to time, as they are rapidly injured by exposure 
to air. There are, of course, extract colours of all 
strengths, according to the shade required : an average 
colour consists of 6 parta of alizarine paste, 10%, mixed 
cold with 14 parts extract paste (already given), 1 part 
acetate of lime and 14 part sulphocyanide of alumina, 
both at 12° Tw., when it is ready for immediate 
printing. This important subject of alizarine red 
and pink colours will be treated more in detail in 
a subsequent paper. “Chocolates are made from the 
above by the addition of varying amounts of iron 
liquor. Purples are likewise prepared from them, by 
the addition of different quantities of aniline-violet 
solution and iron liquor. There are many inter- 
mediate colours and shades of colours, which the 
experience of the colour shop alone can impart to 
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the reader, It may be mentioned that waste extract 
red colour, é.¢, the residues from colour-boxes, ete., 
are all thrown into a cask and kept to make dark 
shades of maroona, chocolates, etc, by addition of 
iron liquor. 

2, The Aniline Colours.--Most of the “aniline” 
dyes now in use are fixed either with tannic acid or 
acetate of alumina; the former method yields aa a 
rule faster, but less brilliant shades, As already 
mentioned, the aniline colours that are fixed by means 
of tannic acid are prepared from a standard “ tannic 
acid paste.” A standard of the anilino dye also is 
generally kept in stock, say 8 or 10 oz, of dye per 
gallon of acetic acid at 4° Tw. For example, to give 
a moderate shade of aniline green, 1} gill of an 8 oz, 
atandard of green is mixed with 14} gills tannic acid 
paste (containing 11b. tannic acid per gallon) in the 
cold, the colour is then strained, and is ready for 
printing. This gives a colour which thus contains 
#02. of aniline green per gallon. The other aniline 
colours are mixed ina similar manner. As an example 
of the anilines fixed with alumina may be given 
siffranine. In this case the proper quantity of aaffran- 
ine atandard, or rose, is mixed cold with acetate of 
alumina paste, An average shade is obtained from 
1 gill of 8 oz, standard per gallon of paste. 

3. Pigment Coloure.—These, as the reador will be 
aware, are colours which are applied to the cloth in 
an insoluble state; and after they are printed on are 
made to adhere to the cloth mechanically, To effect 
this a chemical process really takes place. Pigment 
colours are always used in a state of fine division, 
mixed with solution of albumen, and printed on the 
calico, which is then stexmed, by which means the 
albumen becomes insoluble, or coagulates, and firmly 
adheres to the cloth and retains fast hold of the 
colour. In the colour shop the pigment is mixed 
intimately with the solution of albumen, the latter 
being added gradually until the whole is of uniform 
consistence, and then well strained. In many cases 
it ig convenient to keep a strong standard of the colour 
ready mixed with the albumen, so that in making a 
colour of that pigment it is only necessary to measure 
atandard and thickening; this saves much time and 
labour, Of course some other substances are used 
along with albumen, such as gum dragon, gum 
Senegal, and pigment paste, as before mentioned ; but 
this does not affect the method of mixing, nor the 
manner of fixing, by subjecting the printed cloth to 
the action of steam. 

4. Vegetable Colours. —Few vegetable dyes are now 
used in the colour shop. Most of those upon which 
both dying and printing may be said to have chiefly 
depended a few years ago have been since then super- 
seded by artificially produced dyes. 
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(BEING ONE OF THE SUB-SECTIONS OF “FORM AND COLOUR 
IN INDUSTBIAL DECORATION,”’) 





OHAPTER I. 
Introductory.—Beauty in Form. 

Im the series of chapters given under the heading 
of “Form and Colour in Industrial Decoration,” 
“The Ornamental Draughtsman,” and “The Cabinet 
Maker,” the reader will find some remarks on the 
general subject of Design. This term is commonly 
employed to convey the idea that in anything which 
is constructed or made, the principal motive for and 
ultimate object of which is to subserve some purpose 
of obvious utility, there is something added to or 
superimposed upon the materials which in the aggregate 
form the object constructed. This addition has for its 
direct and some say its only object, to please the eye, 
. or as others expross it, to gratify the taste. In other 
words, while the main object or body depends upon the 
rules and principles of construction, this added quality 
comes within the domain of what is now so frequently 
talked of—namely, ssthetics, The necessities of the 
case compel, as it were, the definition we have here 
given; but on consideration, and as will be fully illus- 
trated hereafter, it will been seen that this quality in 

an object which pleases the eye or gratifies the taste 
does not always result from, or is not always created by 
something which is added to a constructed body. For 
that body in itself, that is, in ita lines as taken in 
by the eye, may present the quality we have named; 
and the mere looking at it will give that pleasure or 
gratification to which we have alluded. This may be 
very familiarly illustrated by a jug or vessel to contain 
liquid. This article primarily comes under the desig- 
nation or class of a constructed article specially made. 
And it may be so made that it will completely enongh 
serve its main object—namely, to hold or contain a 
cartain quantity or volume of water, s0 that it may be 
confined and be carried from place to place, But this 
enclosing or containing space of the jug or vessel may 
be of any shape, and this internal shape may—and asa 
general rule does—give the external shape or outline, 
or what in the language of technical design is called 
its configuration or form. But this may be such that 
it does not please the eye when looked at; in other 
and ordinary words, it is “ugly,” and this in various 
degrees, from the state or condition which men say is 
“endurable” to that which is strongly denounced as 
“hideous.” But it is also as obvious that the shape, ont- 
line, configuration, or form may be euch that every line 
which gives this is in itself pleasing to the eye, and the 
whole or aggregate gives an object to which the term 
beautiful” is applied. This sense or appreciation of 
what in the simplest language (which at this stage of 
our paper we purposely use) may be called “ the look 
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of the thing” or object, seams to come instinctively 
or intuitively to men. Even although what is called, 
for lack of a better and move specially distinctive 
term, “taste” may not be cultivated, one can tell at 
a glance that one form or shape is what they say is 
“ugly "—that is, that it does not please the eye or the 
mind, or rather both; and that another form or shape 
is pronounced to be “ beautiful”—that is, that it is 
pleasant to be “looked” at. But while as a rule this 
is true of moat men, they cannot with equal facility state 
explicitly why they pronounce or give their reasons 
for deciding one form to be ugly, the other beautiful. 
Difloulty in defining what is Beautiful, 

Nor do those who offer no pretence, even of the 
slightest, to the possession of what is cultivated taste, 
stand alone in this inability to give a reason for their 
believing one thing to be beautiful when looked at, 
another the reverse of this. For even those who do 
not require to pretend to the possession of cultivated 
taste, but who have it, are by no means able to give 
an explanation of what in reality distinguishes the 
beautiful. No two are found to agree upon a defi- 
nition of the term “beauty.” Nor is the reason for 
this indecision or incertitude far to seek. It finds 
expression in the common saying “tastes differ.” And 
beyond what this saying leads to we cannot in reality 
go. For what appears to one eye pleasing is to 
another anything but this; so that opinion as to the 
beauty of a thing ranges through a series of gradations 
as numerous as the individuals who may be exercising 
and expressing their opinion about it. But while this 
diversity of opinion exista as to a specific definition 
of the term “beauty” or “ beautiful,” or this inability 
on the part of most of us to give a reason why we think 
the “look” of a thing as this or as that, there is, for- 
tunately for the Ornamental Designer, a very decided 
agreement amongst all varieties of men thus far, 
Namely, that there is such a marked distinction between 
forms, shapes, or outlines whieh objects possess, that 
certain of them are pronounced without hesitation to 
be ugly —that is, not pleasing to the taste ; instinctively 
men know them to be such—while others, on the 
contrary, are said to be, if not beautiful, taking their 
own notions as the baais of their definition of the term, 
certainly not unpleasing to them. Take any object, 
and ninety-nine out of a hundred who are looking at 
it will pronounce it to be “pleasing,” to be “nice to 
look at,” to “ gratify the taste,” to be “pretty,” to be 
“beautiful,” to be “sathetic.” All these modes of 
expression convey in reality the same meaning, and 
that, more by way of having a definite name than from 
any agreement that it means a definite quality, men 
have agreed to call by the name of “ beauty ” or aay that 
the thing is “beautiful.” Even the one hundredth, 
who may stare stolidly at the object which calls forth 
a decided expression of some opinion from his ninety- - 
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nine fellows, and be quite incapable to find a word or 
words to convey the fact that the object has made any 
impression on his mind—should he possess this, which 
is under the ciroumstances doubtful—feels nevertheless 
a something, to which if he could give a name it might 
find a positive expression in one of the terms above 
used, that it was “nice to look at”—probably 
qualifying this with “enough "—“nice enough,” or more 
negatively by “It ain’t ugly,” or, “It’s good enough,” 
‘+ Esthotic,” a Term used in connection with Artistic 
Industrial Decoration. 

‘ ‘We have used the words “ taste,” “‘ esthetic,” “look,” 
“form,” “design”: it will be well to examine these, aa 
we may from their inner meaning arrive at something 
definite as to the ideas they convey, and thus they may 
be useful in making clear sundry practical points of 
some value in connection with the important subject 
which will for some chapters engage our attention. 
One of those words just named is at present used 
everywhere, and as we might aay at all times, whether 
or no it be the fact that those times are always 
appropriate, The word which is, in fact, while we 
write, a popular “rage,” or “craze,” is “esthetic.” 
When many use the common phrase the “look” of a 
thing, those who indulge in nothing that is to their 
mind common, and are always mouthing about things 
being “‘cesthetic,” little think that the commoner, or 
as they will probably term it the “vulgar” expression, 
and the much grander sounding, or in their language 
“muchly fine” one, mean precisely the same thing— 
that is, if they will admit that words have a meaning, 
which from some they use plain people would be 
apt to decide that they think they have not. The 
term “ sesthetics,” then, is derived from the Greek 
word aloGerixds (atsthettkos), and this from airPdvopay, 
to perceive. This word again comes from the Latin 
words per, by, and capere, to take, receive or obtain. 


And this taking or reception is effected through the. 


medium of the senses. By the sense of seeing we 
perceive what an object is; we have or obtain the 
perception of the “see-able” peculiarities of an object. 
In other and plain language we look at it, and from or 
by the sense of seeing we have a perception of what 
we call the “look of the thing.” Thus the external 
peculiarities of an object are those which can be seen, 
so that esthetics may be defined as the science of 
. looking at objects, or that connected with the look 
of things. As plain language is not generally con- 
sidered dignified enough to be applied to a science, 
sathetics is therefore defined to be the “science of 
the beautiful in nature and in art,” or as some prefer 
to call it, with a happy combination of the common and 
the dignified form of words, the “science of taste.” 
The compilers of some, we might say not a few of 
the older, or shall we say the very oldest of dic- 
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tionaries, had a method of considerably lightening 
the labour of their drudgery (by the way, it is worthy 
of noting here that the grandest and most honeat of 
the fraternity, brave old Samuel Johnson, gave as 
one of the definitions of a “drudge,” the “com- 
piler of a dictionary") by printing after a word 
of which they themselves did not know the meaning, 
‘See so-and-so,” and when you referred to so-and-so, 
the same formula was repeated and you were sent back 


to the point you came from, This see-saw “so-and-so ” 


system, although mighty convenient for either the 
ignorant or the lazy lexicographer, was anything but 
so to the thirster after knowledge of words, We in 
this case do not intend to imitate the old compilers— 
by saying “Aisthetics—see Taste”—and at ‘ Taste,” 
‘gee Alsthetios,”’ We have given as one of the defini- 
tions of esthetics that it is the ecience, or philosophy, 
of taste. Now, what is taste? This word is derived, 
according to some, from the French tater, to feel; to 
others, from the Norman-French ¢aster, to try, and 
means to perceive a thing, not, as already stated, by the 
medium of the sense of seeing, in which the eye is the 
power, but by that of the palate, in which the tongue 
is the power. In common language, the perception (see 
the last paragraph on esthetics) of the qualities of an ob- 
ject through the medium of the tongue is called “tasting 
a thing,” just as the perception of the qualities of an 
object through the medium of the eye is, as we have 
seen, the “looking at a thing.” But how comes it, 
the reader may ask, that if all this be—and it is—so, 
the term taste is so applied, that sathetics is defined 
to be the science of taste? What has msthotices to do 
with eating, the refined to do with the vulgar? Some 
who are sarcastically inclined might find an answer 
to the question in this fashion. Man has been defined 
in divers ways; amongst others he is said to be a 
“ooking,” and therefore “an eating animal.” For 
the only object of cooking is to eat what is cooked, 
And os a man muat eat to live, eating, whether he 
“cook” or not—for he may eat things as he geta 
them from nature (hence, by the way, the French 
term aw naturelle, without any cooking additions, as: 
sauces or the like, at al))—is therefore the primary, 
the essential work of life. When he eats he tustes: 
with cooks tasting is an essential part of their art, 
and the terms indeed are often taken to mean the 
same thing. And we can conceive of a state of 
early scciety when eating was the main, the only 
object, of living; for a man would only work that. 
he might get something to eat—what he would call 
his “living’—the only thing, in point of fact, 
which constituted life in those, the dark ages. In 


this bygone condition of society a man of great 


experience in eating would therefore be called a 
‘man of taste,”"-—~and the expression would be 
from generation to generation handed down to 
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modern—which, of course, being, as some at least 
say, refined times, the ideas conveyed by the term 
“taste” only have relation, not to the vulgar act of 
eating, but to the higher things in nature and art. 
Thus the science of taste would par excellence be so 
confined, having nothing to do with taste in its literal 
meaning, in which the tongue only was concerned. 
This may or may not be the way, according to our 
assumed sarcastical authority, in which the word 
taste has got to have such a very limited meaning; 
so that the high compliment paid now-a-days to 
one who is said to be a “ man of taste,” has quite 
another meaning from that which it hed in the old 
vulgar times when eating and therefore tasting was 
the greut object of life. Hence it may have come 
about that just as eating, being the highest object of 
material life, was called taste, so those who deemed 
that contemplation of the beautiful in nature and in 
art was the highest object of intellectual life would 
appropriate the distinctive term. The great pro- 
bability is, however, that such is the derivation or 
origin of the term. Be all this as it may, and how- 
ever it came about, the term “taste” now refers, 
and almost wholly refers, to the cultivation of the 
beautiful in art and in nature; although, adhering 
to ita derivation, taste literally means the perception 
of a thing through the medium of the tongue. 


“Beauty,” “The Beautifal "—Terms used,.—Derivation, 

But accepting this more remote and restricted mean- 
ing of the term taste as concerned only with matters of 
the beautiful, woe still are met with the question, What 
is the beautiful ?—one which we have seen, not only 
from what has been said in this, but in the chapters 
entitled ‘The Ornamental Draughtsman,” has as yet 
received no precise definition accepted byall. Looking 
also in this instance at the inner meaning of the 
term, we find that the word “beauty” is directly 
derived from the French beauié, from beau, good or 
fine, and this again is based on the Latin bonus, 
good. To beautisy is to make a thing good, from 
the above French word beauté, and the Latin verb 
facere, to make. <A beautiful thing is therefore 
that which is made beautiful either by nature or by 
art; and although literally meaning goodness, beauty 
ix defined with general acceptance as signifying that 
which possesses properties which please the eye or 
gratify the mind—but another way of stating that the 
thing is good. Now, what is good in this sense in the 
eyes of one may not appear to be so in those of 
another. Hence the diversity of opinion as to what 
w beautiful and what is not. So that the position 
y. Just this; that in any art which attempts to make 
(wee above as to “beautify”) a thing beautiful, the 
decision as to the reault will be altogether determined 


by what the individual or the artist deems to be good—_ 
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that is, derived from and influenced by his ideas of 
what beauty is, or what constitutes the beautiful. 

And this estimate of beauty which the individual . 
forms must be based on the results of his observation. 
He himself may aver that his estimate of what con- 
stitutes the beautiful is derived from or based upon 
some theory of his own, more or less metaphysical ; 
but it will nevertheless be found, in tracing the matter 
up to its source, that it ia really based upon observa- 
tion of objects around him, This observation may 
be partial and defective, or it may be full and accurate ; 
but whether the one or the other, it is that which 
supplies him with the material, so to say, by the use 
of which he gives expression to his work, of whatever 
kind it be, of making a thing beautiful. And this 
work will be beautiful to a class either numerous or 
the reverse in strict proportion to the width and 
fulness of the range of his observation, and upon which 
he founds his conception of what is the beautiful. 
The artist, like any one imparting, can only give what 
he has got; and in this matter what he himself pos- 
sesses is dependent largely upon the way in which he 
has availed himself of the stores, so to call them, of 
the beautiful at hiscommand. And beautiful things, 
acknowledged by all to be such, abound in widest 
diversity of endless profusion all around him, both in 
the productions of nature and of art. Chiefly, how- 
ever, in the former; indeed, we may say wholly, for 
all true beauty in art is derived from a just concep- 
tion of the beauties of nature, for it is in nature that 
al] forms exist. Her combinations of those are aa 
endless, as the fields in which they are presented are 
widely spread and numerous. Whatever be the regults 
of the lessons one receives in art, the teacher, in the 
first instance, must be and always is nature. This 
does not preclude, on the contrary it invites, attention 
to the teachings of art; and all high art admitted to 
be go on all sides is based upon the teachings of 
nature. 

Endless Diversity of Form in Natural Objects, 

We say that the forms found in nature are endless; 
ao also are the combinations of those elements of 
what is beautiful in nature and in art. The colours 
in which those forms are, so to say, draped or clothed, 
are also endless in their variety and in their combina- 
tions, 

It is with form, however, that the ornamental 
designer has to do, And the form or shape, or 
external appearance presented by the object, is made 
up wholly of lines, And whatever may be the char- 
acteristics of the surface of the body, whether it be 
flat or rounded, or whether in either of those cases the 
flat or rounded surface be left smooth, or whether it 
be cut up into hollowa of diverse kinds, giving rise, 
consequently, to what will be projections,.and the 
shape of which, and their relation to each other, 
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giving rise, as it may be, to what is called ornament; 
or leaving only indeterminate projections and hollows, 
which are known by the name of rough,—=still, however 
treated, the surface of a body must be enclosed by 
lines, and those enclosing lines ‘have, in the aggregate, 
the term “outline” given to them. The truth, then, 
of what haa been stated, and profusely and practically 
illustrated, in the chapters under the heading “The 
Ornamental Draughtsman ”-—that every object, how- 
ever complicated it may appear to be as regards its 
form, shape, or configuration, is, must be, made up of 
lineea—must be accepted by those who for the first 
time take up the practical work of ornamental de- 
signing. The same chapters also explain how there 
are, and can bé, only two classes of lines—the straight 
and the curved, Examples of these, together with 
certain limited combinations of them, will also be 
there met with. The reader of the present chapter 
proposing to carry out its instructions and examples 
is presumed to be master of all those presented in 
the chapter referred to— “The Ornamental Draughta- 
man.” 

Work of the Ornamental Designer. Meaning of the Term 

“Ornament,” 

It is, then, with ornamental outlines the ornamental 
draughtsman has to do; or rather, we should say, his 
work is to give to constructed bodies which are in 
themselves plain an ornamental appearance, which 
appearance or look is dorived trom the combination of 
the two classes of lines we have named, the straight 
and the curved. Every one knows what is meant by 
a plain body or surface, this being bounded by straight 
lines, and the surface itself left in what is called its 
natural condition, In construction purely as such, 
this plain body may serve its purpose admirably—that 
is, it is possessed of utility—but while this is true, 
appealing only to the sense of propriety, fulfilling 
thus the conditions of correctness, it makes no 
appeal to what may be called the higher faculties. 
No one disputes the fact that it has no pretension to 
beauty, no matter what the standard may be by which 
beauty is defined—no standard applies to it. But it 
will at once be seen that without in any way inter- 
fering with, or lessening in any degree, the value 
of ite constructive utility, we may by altering its 
enclosing lines, and by treating its surface by cutting 
it up into lines and hollow spaces, impart qualities to 
it wholly different from those which it before pos- 
seased, When we so treat a plain body we are aaid 
to “ornament” it, and ornament means simply a 
thing adorned—from the Latin ornare, to adorn, 
We have thus attained to or reached a point at 
which, while we do not interfere with the usefulness 
of a constructed body, we give an added value to it, 
by imparting to it a quality which pleases the higher 
faculties of what we have shown to be now known 
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universally as taste. We have atill construction, but 
we have got it graced or adorned ; s0 that we have a 
new subject, “ adorned construction, or, to revert to the 
derivation of “ adurned ” from another name, we may 
call it “ornamented construction.” And we may here 
note that to distinguish the term “building,” which 
primarily concerns itself with pure constructions of 
utility, from “ architecture,” which obviously sub- 
serves some purpose other than that of usefulness, it 
has been by some proposed to define architecture itself 
as “ornamented construction.” And as material is 
used in construction, the art so defined would embrace 
the wide range of material at the command of the 
handicraftsman. 


Ornamented Construction.—#imple Illustration of the Term, 
based on Moulding Design in Surface Decoration. 


In applying, then, the broad principles now but 
briefly indicated, it does not enter into the scheme of 
the present series of papers to give detailed statements 
as to this or that theory of the beautiful, nor to give 
what some call the “canons” or rules of art, which 
others do not admit to be such ; we shall simply accept 
such outlines or forms as are considered by authorities 
based upon sound observation of nature in her varied 
and ever-varying forms; from which, as we have 
seon, all form must be primarily derived. And it 
will well illustrate the principle upon which the 
practice explained in succeeding chapters under the 
present title, and those in the leading paper of the 
series——-namoly, “Form and Colour in Industrial 
Decoration "=-is based, while it will enforce some of 
these points we have been attempting to explain, if 
we give here a simple illustration showing at a glance 
what ornamented construction means, and how it is 
attained in “ Mouldings,” 

Thus the beam (us a a, fig. 1), stretching across 
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an opening, sufficiently fulfils ita duty in supporting 
the superincumbent maas if it be plain throughout— 
all that is required absolutely for utility being that it 
is strong enough to bear the weight, and sound enough 
to keep bearing it for as long a time as possible—the 


longer the better, of course. 
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THE ALKALI MAKER AND HIS TECHNICAL 
WORK. 

_ LepusreraL ImporTanog oF His PRopvors—THE MAKING 


OF SULPHURIC ACID, SODA AsH, OaAvaTi¢ Sopa, Sopa 
CRYSTALS, USED IN 4 WIDE VARIETY OF PROCESSES. 


CHAPTER II. 
Concentration of Chamber Aoid in the Making of Sulphuric 
Acid, 





Sutprunio acid is strengthened by evaporation either 
in shallow leaden pans, or in glass or platinum 
retorts. The first method is largely used where acid 
of about 1:7 sp. gr. is required for the soda aah 
process, and is represented in fig. 6, A coke fire 





Pig. 6, 
is kept burning on the hearth (a), and the heat 
passes over the dilute acid contained in the shallow 
leaden pan 06, the outer sides of which are 
strengthened by iron plates, The concentration is 
carried on till the acid has risen in specific gravity 
from about 1°6 to 1'7, beyond which point the 
evaporation cannot be carried without injury to the 
lead. 
The use of platinum retorts for concentrating the 
acid haa nearly ceased, and the strongest acid is now 
made by concentration in large glass retorts of the 
ehape shown in the diagram fig, 7. The neck b rests 





Fig, 7, 


loosely in the large flask a, and serves to condense the 
acid vapours given off during the boiling of the acid. 
‘I'he retorts are supported on a sand bath and heated 
by the flames from a coal fire, and are generally 
arranged in long rows. Each retort contains about 
twenty gallons of acid, and in spite of the high tem- 
perature employed, accidents through fracture of the 
glass seldom occur. 

Preparation of Soda Ash—Chronology of the Manufacture. 

Before deacribing the various stages of the Le Blanc 
process, for the manufacture of soda ash from common 
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salt, it will be of interest to give an abstract of Mr. 
Gosaage’s “Chronology of the Soda Trade,” to show 
the rapid growth of the manufacture since Le Blanc's 
time, and the effect of his process on the price of 
soda, 
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The Manufacture of Soda Ash—Le Blano's Process. 

The manufacture of soda ash by Le Blanc'sa process 
is conducted in the following stages :— | 

I. Manufacture of salt cake (sulphate of soda) by 
the action of sulphuric acid on common aalt. 

II. Manufacture of “black ash,” by roasting in 
furnaces a mixture of salt cake, limestone, and coal. 

III, Lixiviation of the black ash to extract the 
suluble compounds (caustic soda and carbonate of 
soda 


IV. Evaporation of the black ash liquor to obtain 
soda, ash. 

In some works the processes stop here, in others 
the procedure is modified ao as to obtain— 

V. Soda crystals, by evaporating the black ash 
liquor to the crystallizing point. 

VI. Caustic soda, by removing the carbonate and 
evaporating the caustic liquor. 

VII. Bicarbonate of aaa) by carbonating the soda 
crystals. 

Chemical Changes involved in the Making of Soda Ash, by 
Le Blanc's Process. 

The chemical changes which ocour in the first two 
stages are the most important, and are very simple, - 
By the action of the sulphuric acid on the common 
salt in the first stage, sodium sulphate (called by the 
workmen “‘salt cake”) is obtained, and hydrochloric 
acid (muriatic acid, “spirits of salt”) is evolved, as 
represented by the following equation :— 

Sodium chloride or common salt (2NaCl) +- Sulphuric acid - 

(H,80,) = Sodium —s (Na,S0,) + Hydrochloric — 
| — sev 
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The acid is condensed in stone towers, and is used 
for the manufacture of bleaching powder, bleaching 
liquor, ete., and will be afterwards described among 
the by-products of the alkali manufacture. 

In the next stage of the process two chief reactions 
ocour: the coal reduces the rodium sulphate to sodium 
sulphide ; and the limestone, reacting on this sulphide, 
produces sulphide of lime and carbonate of soda, 
These two reactions are represented by the following 
equations :— 

(a) Sodium sulphate (Na,80,) + Oarbon or coal (40) = 
Sodium sulphide (Na,8) + Carbonic oxide (4C0), 

(6) Sodium sulphide (Na,S) ++ Calcium carbonate or lime- 
atone (CaCO,) = Sodium carbonate (Na,CQ,) + Calcium 
sulphide or vat waste (CaS). 

Such being the theory on which the process is based, 
we must now proceed to describe how each stage is 
practically carried out. 


The Manufacture of Balt Cake. 


The necessary plant for the production of salt cake 
is represented in fig. 8. «@ represents the “pan” 





in which the decomposition takes place; it is heated 
by the fire 6, and the hydrochlorie acid evolved 
passes up the flue ec to condensing towers packed 
with coke kept moist with water, by which the acid 
is absorbed. About 16 cwt. of salt is used in each 
operation, and this quantity requires 1800 lb. of 
sulphuric acid of 1:45 specific gravity, which is 
llowed to flow on the salt from the leaden cistern d, 
At first the action is extremely violent, and hydro- 
chloric acid is abundantly evolved ; but the action soon 
moderates, and is continued for about an hour, and 
aided by occasional stirring and by the heat of the 
fire below. The mass is then nearly golid, and is 
thrown by means of a sort of iron spade through 
the narrow opening which connects the pan with 
the adjoining furnace ¢, called the “ roaster.” 
When the charge has been removed from the pan to 
the roaster, a fresh quantity of salt and acid is added 
to the pan, and the charge in the roaster is spread 
over the bed of the furnace, which is heated by the 
fire f, which either plays directly on the salt cake, 
or on a fireclay arch, which becomes red-hot’ and so 
heata the charge; these two kinds are called re- 
spectively open and close roasters. The object of 
the roasting is to complete the decomposition as 
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far as possible, and it is wonderfully efficacious for 
thia purpose, leas than 14 per cent. of salt usually 
remaining in good salt cake, The hydrochloric acid 


escaping from the ronater also passes by the flue 


eo to the towers, and is there condensed, The hot 
charge is raked out of the roaster into iron barrows, 
and is then thrown in a heap to cool, and is ready for 
the next process, 


The Composition of Salt Cake, 
The composition of commercial salt cake ought to 
be about the following :— : 


Sodium sulphate . a 8 » O65 
Sodium bisulphate  .  . . «1 
Sodium chloride. . . . . . Ih 


t Ld a a t] 16 


Impurities , 
100°0 


Manufacture of Black Ash. 

The salt cake prepared by the previous process is 
mixed with limestone and emall coal (slack), in about 
the proportions of twenty parts each of the two first 
to fifteen of the last. This mixture is then strongly 
heated in # reverberatory furnace, 6 (fig. 9), until 
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fused, and the red-hot molten mass is raked out into 
iron barrows and allowed to cool, When shaken out, 


‘the mass has the form of the iron barrow, and is tl en 


known aa a “ ball,” This is the central process in the 
manufacture of soda ash, and on the proper mixing 
and fusing of the charge the success of the operation 
largely depends. The charge is admitted by a hopper 
—not shown in the diagram-~which terminates the 
pipe or tube ¢, and remains for some time near the fire, 
while the previous charge is being treated in the 
hottest part of the furnace at db. Here the charge is 
spread uniformly over the furnace bed, and constantly 
raked backwards and forwards by a workman by means 
of a long iron rod flattened out at the end to a sort of 
blade, and called a slice. In about twenty minutes 
the chemical changes begin, carbonic oxide is evolved, 
and bursting through the pasty mass becomes kindled 
and burns with a blue flame. At this stage the 
workman constantly uses the slice and rake, so as to 
secure uniformity in the mass, which eventually fuses, 
and is scon after semi-fluid, and is ready to be raked 


out as already described, 


The waste heat of the black ash furnace is often 
employed to boil down the soda liquor in the pan o 
as shown in the figure (fig. 9). 
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THE YOUNG ARCHITECT OR ENGINEER. 

lire STUDIES—OFFIOCN DUTIEB—AND PEACTICAL Work IN 
THE PREPARATION OF WORKING DRAWINGS, OF SPHCIFI- 
CATIONS, AND CONTRACTS FOR WORE, 





CHAPTER III, 
The Ground-Floor Plan of a Building 
may be considered the most important of the contract 
drawings. It represents the floor level with, or only 
slightly raised above, the street or ground. The 
arrangement of this plan generally infirences that 
of all the others, both above and below, It might 
appropriately be termed the entrance-floor plan, as the 
principal means of accesa to the building from the 
outside are shown on it, and they must necessarily 
control the positions of-the corridora, staircases, hoists, 
and every means of internal communication. Only 
very few general rules can be suggested for the 
guidance of the young architect, who can scarcely 
devote too much thought to the arrangements of this 
plan. The position of the entrances and staircases 
in town buildings must be influenced by that of the 
muin street frontage; and as these sites are generally 
both costly and limited in area, compactness must be 
combined with a due regard for convenience. When 
the frontage is 4» narrow one, the entrance should be 
placed at one end of the building instead of in the 
centre, as larger and better proportioned rooms can 
be planned. Special entrances must frequently be 
provided for various portions of the building, also for 
lurries, vans, and goods, If the site has frontages to 
two atreets, it is advisable to place the main entrance 
in one and the goods entrance in the other. The 
former should never give direct access to the interior 
of the building,—an intervening vestibule or lobby 
should be shown on the plan. When the greater 
portion of the frontage is taken up by shop windows 
or other large openings which are not arched over, 
the architect must show on his ground plan a system 
of iron supports and girders, or beama, instead of or 
in addition to masonry or brick piers, to carry the 
upper stories of the building. The stuircases should 
be placed within easy reach of the main entrance, In 
public buildings they are important architectural 
features, and should be planned on a large scale, but 
in buildings intended for utilitarian purposes appear- 
anco and design must give way to convenience, In 
town buildings the staircases muat generally be lighted 
by means of skylights placed over well-holes, which 
should be made as wide aa apace will allow, or by means 
of borrowed lights. It rarely happens that portion of 
a valuable frontage can be occupied by a staircase. 
Occasionally, light can be obtained from an internal 
area or yard, The general arrangement and grouping 
of the rooms on this plan will depend, of course, on 
the purpose for which the building is required. All 
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*9 principal rooms should open directly on to a corridor, 
hall, or staircase. Only in special cases should one 
room be entered through another, All the main walls 
should, as far aa possible, be carried up from the 
basement to the roof. The young architect should 
studiously avoid erecting a wall ona girder or beam 
carried over a room, and should only adopt “ false 
construction,” aa it is called, after every other means 
of providing for his clients’ requirements have been 
tried without success. Both girders and beams or 


‘supports must be clearly shown on the plan, the 


former with a dotted line. The supports must, of 
course, be shown on the basement, sub-baxement, and 
foundation plans. 

The ground plan is generally the first of the con- 
tract drawings which the architect prepares; and it is, 
of course, absolutely necessary for him, whilst pre- 
paring it, to keep the plans of the other floors, the 
elevations, and especially the roof plan, prominently 
before his mind. If young and inexperienced, he 
may work out an excellent ground plan, only to find 
that the upper-floor plans will not “work in,” or 
that no reasonable combination of hips, valleys, and 
ridges will enable him to “roof” hia building. Care 
must be taken in the preparation not only of the 
ground plan, but also of those of all the other floors, 
that all walls, piers, shafts, flues, chases, hoists, stair- 
cases, and every other “vertical feature,” constructional 
or ornamental, extending through several floors, is 
shown on the plan of each. Every symmetrically 
arranged portion of a plan should be drawn from 
centre lines, Many of the suggestions made above 
on the planning of the basement and ground-floor 
plans apply equally to the preparation of the plans 
of all the upper floors. 

The Mezzanine Floor 
is ore required in buildings erected in this country. 
On the Continent it is a low story placed between 
the ground and first floors, for various utilitarian 
purposes, and is always treated, both internally and 
externally, as a subordinate portion of the building. 
The First-Floor Plan 

is in most buildings almost as important a drawing 
as that of the ground floor, and is frequently worked 
out at the same time, so that the main walls, stair- 
cases, atc,, can be planned to meet the requirements 
of both floors. When the plans of the upper and lesa 
important stories are prepared, the general sarrange- 
ments must necessarily be influenced by those of the 
ground and first floors, Some buildings, as for in- 
stance many churches and schools, require only a 
ground plan, as there are no upper floors; and others 
(banks and insurance offices) have a firat floor of com- 
paratively little importance, as the building is erected 
to provide certain accommodation which must neces 
sarily be on the ground level; and when it has been 
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planned, the main walls and staircases are carried up, 
and entirely influence the arrangements on the first 
floor. It may generally be assumed that the largest 
and loftiest rooms, in the majority of town buildings, 
are placed on the first floor, Thus in warehouses it 
contains the counting house and private offices, in town 
residences the principal entertaining rooma, and in 
many public buildings all the largest apartments. The 
general arrangement must necessarily be based on the 
position of the main staircase, from which all the rooms 
_must be approached as directly as possible, When they 
are required for a variety of purposes, those most fre- 
quented should be placed nearest the staircase, whilst 
rooms, staircases and corridors intended mainly for the 
use of those connected with or living in the building 
should be so planned that they can easily be shut off 
from the portion of the building intended for public 
use, Concert, reading, and other exceptionally large 
rooms, must be much loftier than the others on the 
same floor, and must be continued through the story 
above, in order to be made the necessary height. 
Portion of the second floor plan will consequently fre- 
quently become a gullery plan. The outside walls on 
the 'plan of the firat floor are generally drawn half a 
brick, or, if built of stone, three or six inches, thinner 
than those on the ground-floor plan. Additional space 
may sometimes be obtained by corbelling out a bay or 
oriel window, but in town buildings all projections 
are generally limited by building by-laws enforced 
by the local authorities. In houses erected in the 
country, intended for domestic purposes, the rooms 
shown on the first-fluor plan are generally bedrooms. 
When they are being planned, the young architect 
must never forget the special use for which the rooms 
are intended, or he may find when too late that the 
windows, door and chimney-breast are so placed that 
no room is left for the bed. It is usual to indicate ita 
position on the drawing by a dotted parallelogram 
and diagonals. 
The Becond-Floor Plans 

are not, of course, always required, as many buildings 
are limited to two floors above the ground level. 
When they have to be prepared, all the features of 
the floor below—for instance, staircases, shafts, flues, 
hoists, areas, ete. —must be carefully obtained from the 
first-floor plan, and laid down on the drawing; pro- 
vision must also be made for carrying the roof. The 
architect is consequently considerably fettered in the 
planning of these floors. In some buildings they are 
almost exact repetitions of the first-floor plans,' Thus, 
in workhouses and hospitals all the upper floors are 
generally formed into wards, and the aame general 
arrangement is adopted on each story, with modifica- 
tions in the thickness of walls, number of flues, etc. 
In dwelling-houses the whole of the upper floors are 
generally occupied by bedrooms, and the arrangement 
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of the plans is entirely subsidiary to that of the main 
floors. In many warehouses the upper stories are of 
the utmost importance, on account of the goad light 
that is obtained, and every effort is made in the 
general arrangements of the plans to utilise them to 
the greatest extent; the window openings must be 
made as large as possible, and the whole of the apace 
in front reserved for the display of goods. In many 
buidings the upper floors are devoted tot: es as varied 
as those mentioned in the ‘remarks on th planning of 
the basement or cellar plan,. The top floor of hotels 
and club-houses generally contains the kitchen, which 
must of course be planned so as to be in direct com- 
munication, by means of hoists, with the dining- 
rooms, streeta, and the coal-cellar.  Billiard-rooms 
are frequently placed on the top floor and lighted 
from the roof, as well as picture gnileries, atudios, 
etc. When special wants have to be provided for, 
the young architect must make himself thoroughly 
familiar with the object for which the rooms are 
required, so as to be able both to prepare his plans 
and to specify the materials and construction most 
suitable for them. 
Plan of Roof Timbers, 

This plan is essentially differant from those that 
have been described above. When the architect is 
preparing the plans of the ground, first, and upper 
floors, he is entirely guided by the requirementa of 
his clients, and the special object for which the 
proposed building is to be erected, his sole nim being 
to devise the best arrangement of rooms, staircases, 
entrances and corridors that the site will admit of; 
but when engaged on the plan of the roof timbers, 
the architect's attention is entirely devoted to con- 
atruction, This plan, like that of the foundations, will 
frequently require a number of small marginal sections 
to make it complete. If the roof is shown on the 
elevations, the general arrangement of the ridges, 
gables, hips and valleys must be taken from them, 
but if it is entirely concealed by parapeta—which 
is generally the case with buildings designed in the 
Qlassic or Perpendicular Gothic styles—they can be 
arranged without reference to the elevations, After 
the ridge-pieces, hips and valleys have been drawn, 
add the purlins, principals, and pole or wall-plates ; 
they may be, as already stated, indicated by centre 
lines, but it is advisable to draw them to scale, The 
spars or rafters are drawn next, and then the details, 
including hip and valley boarding, gutters, cesspools, 
angle ties, and trimming for the chimney-shafta, sky- 
lights and dormers. If a lantern-light, eto., rises 
above the line of slating, the construction must be 
shown. The inclination or pitch of the roof depends 
on the atyle of the elevations. The dimensions of 
all the main timbers and ironwork must be figured 
in the drawings. 
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THE TECHNICAL STUDENT'S INTRODUCTION 
TO THE GENERAL PRINCIPLES OF 
MECHANICS. 

LAWS AFFECTING NATURAL PHENOMENA—-MATTER AXD 
MoriO™. 


CHAPTER II, 
Ws concluded the preceding chapter by referring to 
the circumstances connected with the working of an 
ordinary prp, which led up to the discovery, by 
Toricella in the sixteenth century, of the law of 
atmospheric. pressure. We do not say that this law 
would not have been discovered had the contrivance 
of the pump not existed; but we have to deal with 
the fact that it, was the existence of a pump which 
would not work under certain circumstances in the 
saine gatixfactory way that other pumps had worked 
under other circumstances, that did actually lead to 
the discovery of the law. And we find that this 
peculiarity in the history of practical mechanism or 
engineering has been exemplified in a wide variety of 
inatances. For generation after generation practical 
men had been devising contrivances to do useful work, 
and by patient labour had succeeded in introducing 
improvement after improvement, not merely in their 
general design, but in their actual construction, by 
improved methods of workshop practice; and yet all 
had been done by what was literally “rule-of-thumb ” 
practics. And it was only when not merely the 
amount but the comparatively efficient condition of 
mechanical work, both in structures and machines, 
had arrived at a certain important stage, that learned 


men began to apply scientific reasoning and research | 


and mathematical investigation to all this wide variety 
of mechanical contrivances and structures, and dis- 
‘covered the formule and arranged the rules and 
caleulations which we the successors of the mechanics 
of the olden times use daily in finding the exact 
forms and dimensions which give us the maximum 
of mechanical effect and strength with the minimum 
‘of materia], But while this is true in the main, and 
while it is a point which practical men, so called, are 
apt to glorify themselves and “their craft” in, it 
would be as unjust as it would be wrong for the 
mechanical student to decide in favour of the long 
and still contested point, that “ practice is before 
theory.” On the contrary, this great fact must ever 
. be borne in mind, that 


The ‘Combination of Theory and Practioe is essential to all 
Mechanical Progress, to the Adaptation of Natural Phe- 
nomena, and to all the Processes and Operations of Indus- 

trial or Mechanical Work. 


For the intelligent reader, exercising his gift of a 
fairly balanced mind, will not fail to perceive that the 
course we have above cited, which is but one of many 
of a like kind, while it may, by the purely practical 
man, be applied as a proof of greater value of practice 
aver theory, inasmuch as the acientific man or theorist 


THE TECHNICAL STUDENT'S INTRODUCTION TO MECHANICS. 


al 


could have done nothing. without the work of the 
practical man, constitutes just as powerful a proof 


_ that theory is before practice, inasmuch aa, had the 


theorist or man of science not discovered the law of 
atmospheric pressure, none of the wide range of prac- 
tical work which resulted from its knowledge would 
have been effected. Indeed, if the position as between 
theory and practice be forced forward, it would appear 
that theory is the more important. For in these later 
days we have evidence abundant, enough of positively 
new fields for the work of the practical man having 
been created simply by applying laws and discoveries 
which the purely avientific man has found out, But 
little surely need be placed before the student to prove 
that the true position of the theorist and the practical 
man is, that each is essential to the othor before the 
work in view can be actually done: the head can no 
more aay to the hand ‘I can do without thee’ than the 
hand can say the like to the head. As in the body 
social, so in that mechanical, all are dependent each 
man upon his neighbour; and the fields which each 
haa tu cultivate are surely wide enough, and the work 
to be done in each important enough, to give ovoupa- 
tion without any jarring of interests. From all that 
has been ssid—and we could say a vast deal more, so 
prolific and inexhaustible is the field of observation and 
research open to us—it will be seen by the student that 
A Knowledge of Natural Laws and of their Phenomena is 
essential to the Mechanic.—The Great Inheritance of 
Accumulated Facts bestowed upon us by our Predocessors: 
—Its Value to the Student and Practician, 

All machines, however complicated in their con- 
atruction and in the movements or motions which 
characterise them, when analysed or stripped of what 
may be called their outer integuments, will be found 
in every instance to be dependent upon some one 
natural law or another. In other words, the , Parts 
used by the mechanic, however much they may give 
evidence, as they do give evidence, of hia intellectual 
powers in creating combinations to do certain work, 
could not possibly do that work if those natural laws 
did not exist, or existing aa they do, if they were not 
obeyed; or so controlled that they are not allowed 
to act, as they.can be controlled either wilfully or by 
ignorance, the most ingenious-looking arrangement of 
mechanical parts would be worth nothing, and this 
is aimply the reason why so many machines which 
promise fair are failures. It would appear; there. 
fore, to the student that no one would be so foolish 
as to fight against nature, to use ® familiar expres 
gion, But the history of man in the mechanical world 
abounds with too many and too painful instances of 
what man has done and suffered in this very same 
and hopeless cause. If a correct knowledge of natural 
laws wes possessed by practical men, we should find 
but few examples of what are called practical failures, 
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And the reason why we have made such enormous pro- 
gress in mechanical work is simply this—that we have 
entered, so to say, into the inheritance accumulated by 
men in former days, in following closely in the lines 
which natural laws indicated. It is impossible for 
us now to overestimate the value of this inheritance. 
Popular or General Overlooking of the Difficulties the Early 
Workers had to do in bequeathing to us the Valuable 
Inheritance of Accumulated Facts. 
It is, however, too true that so far from being 
likely to err in this overvaluing of it, as a rule we 
seldom think about it, and when we do, we fail to com- 
prehend all that it conveys, or to think of what work 
our predecessors had to do, and the enormous difficulties 
‘they had to encounter at every step of their progress, 
We talk and write glibly enough of the wonderful 
work we do in this nineteenth century of ours; but 
if “ judgment was to be laid to the line and justice to 
the plummet,” in this matter the decision would be 
.that our predecessors did in reality work infinitely 
more difficult than wedo. They had everything to find 
out and do: they had not only to find out all about 
materials, whether they were adapted or not to their 
purposes, but they had by patient labour, and this 
under the most disappointing and disheartening of 
trials, to find out and make the tools by which the 
materials were worked into shape and form, and fitted 
together to serve the object in view. And no leas, 
. but infinitely more disheartening, the efforts must have 
been to find out how these purposes could be served. 
Every step, and that the least equally with the moat 
important, had to be taken with infinite labour, and 
each attended, as all must have been at the first, with 
most disheartening mistakes. We have all this ready 
to our hand, and it is ever an easier thing for man 
to improve than to discover or invent, easier to do 
work with the accumulated experience of a host of 
predecessors, than when we have no experience of 
our own. It is comparatively easy to reach a certain 
point in » country when the road is laid out for us; 
the hardest labour was what our predecessors had to 
do, not only in the making of it, but in finding out 
whether ita direction would take them to the point 
to which they desired to go. This last point, indeed, 
which represents the root or base of a matter, ia but 
too apt to be forgotten by those who trudge easily 
along the road, certain that it will take them to their 
destination. All labour such as-this pointed out has 
been done for us, and as it is of necessity the most 
difficult, we have at Jeast less occasion to talk and 
write so glibly of what we do. We are the last, as 
indeed we should be the last, to underrate the vast 
importance of the mechanical work we actually do in 
this wonder-working age of ours. All that we here 
contend for is that the student should think well over 
bow much we are indebted, in the doing of it, to those 
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who found out not merely the lines upon which we 

work, but the appropriate materials and the methods 

of working those which seem essential to it. 

Valuable Lessons to be learned by the Student from the Fore- 
going Circumstances in the History of Mechanical Work. 
And this thinking out we do not recommend to 

the student of the laws of mechanics simply as an 

interesting object of study, It has thus an intense 
interest, but it possesses something more. Its 
educational influence is of the highest order, and the 
student cannot possibly rise from its study without 
having learned lessons of the highest value to him in 
his daily practice; nor is it at all unlikely, if he be 
himself gifted with some at least of the attributes of 
genius, that in learning something of the discoveries 
of his predecessors he may be led to make some dis- 
covery of his own, But if from the atudy we here 
recommend him he learns no other lesson than the 
habit of patient inquiry and laborious painstaking 
exertion, he will in truth be more than repaid for such 
work as the study has involved. And he will assuredly 
rise from it with the profound conviction of the 
priceless value of the inheritance bequeathed to the 
mechanics of the present day by their ancestors, and 
he at least will not be disposed to tuke up and use, 
as a mere matter of course, aids and helps to work, 
without thinking of what had to be done by those 
who gave to them a practical existence. We shall 
find, as we proceed to glance at the natural laws on 
which all mechanism is based, numerous evidences 
in illustrations taken from practice of the difficulties 
which surrounded the discovery even of pointa in 
construction and design of mechanism of which the 
great majority of us talk as if but trifles, to which 
no thought whatever is necessary to be given. But, 
leaving this wider illustration to future paragraphs, it 
will swerve all the purposes we have here in view if we 
allude in the briefest way to circular motion or move- 
ment, This is one of the things of which we avail 
ourselves in a variety of ways, as & mere matter of 
course. But those to whom thought on the subject is 
new will doubtless be somewhat surprised to learn 
that there is every probability that it took man ages 

—a positive certainty that it must have taken at least 

many generations of experience in lifo—to find it out; 

and when, to slightly vary the words of one of our 


-ablest modern machinists, he did find it out, it proved 


to be one of the grandest mechanical discoveries he 
ever made, because it fitted in so conveniently with the 
nature of things as they exist in the world, or was the 
most preferable and most convenient for man to deal 
with and control, to receive, store up and to convey 
force in motion, Of the points essential to be con- 
sidered, in this and in other departments of mechanism, 
full information will be found in the various para- 
graphs of succeeding ehapters, 


SUPPLEMENTARY SECTION. 
CONTAINING PRACTICALLY USEFUL NOTES, TECHNICAL NEWS, AND OOBRESPONDENOCE, 
sername pine acem rors 


TECHNICAL FACTS AND FIGURES IN 
OCCASIONAL NOTES. 


EMBRACING THE VARIOUS DEPARTMENTS OF TECHNICAL 
AND INDUSTRIAL WORK, SUCH AS MECHANICS AND 
MACHINE DESIGN AND CONSTRUCTION — BUILDING 
DESIGN AND CONSTRUCTION—-GENERAL MANUFACTURES, 
a8 TEXTILE AND METAL~APPLIED OR MANUFAC- 
TUBING CHEMISTRY — INDUSTRIAL DECORATION— 
SANITARY FINGINEDRING—GARDENING AND RUBAL 
MaTTERs— MISCELLANEOUS, 


25, The Condition of Belts as affecting their Eoonomic Work. 
ing.—The Different Atrains to which the Sides of the 
Belts are exposed in Working. 

(See Notes Nos, 1, 2, 6, 16, 17, 18 and 19.) 

In the various papers which form the text of the 
TECHNICAL JOURNAL, the reader will have more than 
one example of the importance to the mechanic of 
considering how the condition of the materials or 
substances he uses in his work of construction affects 
the strength of those and of what is technically 
called their working “life.” This is but another 
way of reminding the young reader that there is the 
best way, as there is also the worst way, in which 
a material can be used—tending either to increase 
or lessen its powers to resist destructive force—and 
between those two.extremes there are, or may be, 
a series of changes of condition, each affecting the 
value of the material from a constructive or practical 
point of view. This element of “condition” is one 
too often overlooked by young mechanics, and by old 
ones also for the matter of that, and if so, to their 
great loss and disappointment. It is a point which 
should be thought over, and evidence on it, a8 given 
by experienced men, should be gathered as extensively 
as possible by the beginner in the art of mechanical 
construction, 

This element of condition is one which affects in 
the closest way the use of belting in transmitting 
power. We are now considering “ leather” belting, 
as that is the material most generally used. To one 
not considering the subject from every point of view 
(for remarks on this as closely concerning the success 
of a mechanic, see the, opening or introductory 
chapters of the paper in the text entitled “The 





General Machinist”), on examining a leather belt it’ 


would appear to be a matter of very little moment 
which side or surface formed the inner one, that 
is, the surface running in contact with the pulleys. 
Little difference between the one surface and the 
other could be traced by a mere cursory inspection, 
But there is in reality a great difference in the con- 
dition of the two surfaces. Made from the skin of 
an animal, there are two surfaces, one of which was 
originally the outer, or that which, being covered with 
the fur or coat of the animal, is called technically the 


“hair side”; the other that which, of course, was 
nearest or next to the body of the animal, and is 
therefore technically designated the “flesh side” of 
the skin. Now, the skin ag a whole is made up 
of a series of “fibres,” which may be likened to the 
threads or yarns forming the warp or longitudinally 
running threads of a piece of woven cloth (see the 
paper in the text entitled “The Factory Worker”). 
Taking a strip of akin, or say tanned hide, of equal 
thickness and breadth throughout, and stretching it 
when laid or held perfectly flat by pulling at either 
end, the longitudinal strain thrown upon the fibres in 
this condition will be distributed, so to say, throughout 
the fibres of the hide, so that those of the top side 
or surface, or near it, will be pulled no more forcibly 
than those of the lower side or surface, This strain 
is called technically a tensile strain, tending to pull 
or separate the fibres asunder in the direction of 
their length, and is the strain to which the flat or 
free part of a driving belt between or after it has 
left the pulleys is subjected. 

But the parts of a driving belt which are laid 
on, or pass over, the rounded surfaces or arcs of the 
pulley peripheries are under quite another condition 
of strain, or rather conditions of strains, If the 
reader hag a thickish strip, or what will be better, 
as showing the effects more clearly, a length of a 
rubber rod circular in section—and will bend it 
round so as to form as it were a circular loop or 
hoop—he will, on examining its upper or outer half, 
perceive that the fibres are considerably stretched ; 
while those on the inner or concave side are com- 
pressed or squeezed together. And if, commencing 
by forming a small bend or loop, he gradually keeps 
enlarging its curve, the more he enlarges this the 
less stretched will be the fibres of the upper or convex 
part, and the less squeezed together or compressed 
will those of the lower or concave part be; till at 
last, by gradual opening up of the curved loop the 
rubber rod is allowed to become flat, when the fibres 
of both sides will be equally free from strain. Or if 
the rod be pulled apart at both ends, the strain, 
as in the case of the strip of tanned hide, will be 
equal on both sides; and this strain will be a tensile 
one, or the rod will be under what is called tension. 
When the tod’ is bent round a curved or circular 
surface, the fibres of the convex or outer part, 
farthest from the surface, are alone under tension or 
a tensile strain. The fibres of the concave or inner 
side, nearest or in contact with a curved surface, 
are in a state of compression, or are subjected to 
what is called a compressile strain. And the amaller 
the diameter of the curved surface—as that of a 
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pulley—the greater will be the proportional difference 
between the conditions of the fibres of the convex 
and concave sides of the rod or band—that is, the 
more will the fibres of the convex side be stretched, 
and the more completely will those of the concave 
side be compressed, And the force tending to destroy 
or rupture the fibres is the tensile one, or that which 


tends to draw out or separate them, the compressile 


or squeezing strain being comparatively or practically 
harmless. The young reader will find given in due 
course, in the series of papers entitled “The Oarpen- 
ter,” explanations and illustrations of the different 
“strains” to which materials are subjected by the 
action of forces or pressures, 

26. Practical Points connested with the Working of Belts in 

relation to their Surfaces. 

The losses and disappointments met with by many 
mechanics who have either overlooked in their practice 
in constructing and fitting up of pulleys for driving 
gear of all kinde, or who have been ignorant of 
the “ conditions” under which fibrous materials are 
placed in the circumstances above named, have been 
severe and numerous, And those “ conditions” affect 
all kinds of driving media, whether they be in the 
form of belts or straps or ropes or bands of leather, 
or hide, or india-rubber, or cotton, or of hemp, 
manilla, steel or iron wire, The working “ life,” 
alike of a driving “ belt” of leather, or of a “ rope” 
of iron or steel wire, dependent upon several condi- 
tions which will be hereafter named in the series of 
Technical Notes,” is perhaps more influenced by the 
way in which the proportions of the pulleys in regard 
to diameter or “size” are designed, than upon any 
other condition. Other circumstances being equal, 
the larger the diameter of the pulley the more likely 
is the “life” of the driving media, be it belt or rope, 
to be extended. The evils of the converse, or opposite 
of this, have been, as we have said, experienced by 
not a few, to their great loss and disappointment. 

But there is this difference between a driving rope 
or band, and a driving belt or strap of leather. In 
the rope or band, of whatever material it be made, if 
well made, all the fibres are of equal strength. So 
also in a belt or strap of cotton, or of vulcanised 
india-rubber, or of gutta-percha. But the belt or strap 
of leather, being made of the skin or hide of the animal 
—generally cattle—is under different conditions, the 
fibres of the two surfaces of the skin or tanned hide 
being of different structure, so to say, and strength. 
_ The “ flesh side” of the skin, and of course, ultimately, 
_of the tanned hide, of which the driving belt is made, 
gives the strongest fibrea; and this, the stronger side, 
extends through the skin or hide to about one-third 
of its full thickness. The “hair side "—frequently, if 
not, indeed, more generally termed the “‘ grain side "— 
is more dense and compact in its fibres than those of 
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the flesh side, and their tendency is to crack or open 
up, while that of the fibres of the flesh side is to give 
way or extend under a tensile or stretching-out force 
or strain. The compact character of the “ grain” or 
hair side gives alao greater smoothness to the surface, 
and a fuller or wider bearing of it on the surface of 
pulley is therefore secured. As showing the difference 
in point of strength between the flesh side of a 
tanned hide or leather belt, and the grain or hair 
side, the following experiment may be cited. A belt 
was split down the middle of its thickness, thus 
giving two belta or straps, one of which was the 
grain or hair side, and broke under a direct strain 
of 4684 lb.; the other was the flesh side of the 
leather, which took a much greater weight (7404 lb.) 
to break it. 

Noting these facts—which have by observation and 
experiment been proved to be so—one would conclude 
that there would be no diversity of opinion as to 
which side of a belt should run in contact with the 
pulley surface, and remembering them always in con- 
nection with the conditions of strain to which driving 
belts are subjected, aa explained in Note 2, p. 39. Yet, 
notwithstanding this, great diversity of opinion and of 
consequent recommendation for practice does exist 
amongst mechanics who have had much to do with 
belt driving gear. Thus the young or inexperienced 
reader, after being made acquainted with them, would 
be somewhat puzzled to meet with this dogmatic, 
confident assertion—which has, however, been made— 
“ Every one knows that the strength of belt leather is 
in the hair side,” 

If this were so, the obvious inference would be that 
a, driving leather belt should be so placed on the 
pulleys that the flesh side should be next or run upon 
the surfaces of the pulleys, thus throwing the grain 
side or hair side to the outer or free surface. Now, we 
have seen that the grain or hair side is that which, 
being most compact, is apt to crack or open up under 
strain, and that the greatest tensile or opening-up or 
stretching-out strain is on the upper side of a belt 
bent over a curved surface. This placing of the 
grain side outside is the very worst and weakest 
position in which it can be worked. The grain or hair 
side should, on the contrary, be next the pulley, as 
in all good practice it is, and as recommended—not- 
withstanding the diversity of opinion we have alluded 
to-——by the great majority of-—indeed, nearly all—good 
mechanics. When the grain side is thus placed, the 
flesh side, being now outside, is precisely in that 
position in which the condition or character of its 
fibres enables them to resist the tensile strain thrown 
on them by passing round the curve of the pulley. 
The grain or hair side gives also better adhesion or 
“ friction ” to the belt, the surface being compact and 
smooth, so that the greatest part of it lies on or grips 
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the pulley, which would not be the case with the 
rougher flesh aide. 

This explains how also the grain or hair side next 
to the pulley surface gives greater driving power to 
the belt so placed. This is estimated at one-third 


more than the power obtained by a belt placed the 
converse way. The results of a series of experiments 


made by a house having a high reputation in belt- 
driving power may be thus stated, showing the 
comparative working value or percentages of strength 
or of driving power of leathern belts driven in the 
two ways we have noted, and of belts of other materials. 
Thus a leathern belt driven with grain or hair side to 
pulley gave 31 per cent., or say one-third more driving 
power ; driven with flesh side to pulley 23 per cent., or 
leas than a quarter, A vulcanised india-rubber belt 
gave 21 per cent., or but a little lower than the last 
named, a gutta-percha 14 per cent., and a canvas 
band 11 per cent. Stated another way, “a leathern 
belt grain side to pulley will drive $4 per cent. more 
than flesh side to pulley, 48 per cent. more than 
india-rubber, 121 per cent. more than gutta-percha, 
and 180 per cent. more than canvas,” 


97, The New Standard Wire and Metal Gauges.—-The ‘‘ Bir- 
mingham” and ‘‘ Lancashire” ‘Wire Gauges.-—Various 
Technical and Oonstructive Points connected with the 
Bubject of Interest to the Technical Student in Con- 
struction, | 

In Note No.7, p.85, we gave tables of the “New Legal 
or Standard,” the “Birmingham,” and the “ Lancashire” 
wire gauges. In examining the.‘ Birmingham,” the 
oldest and most widely used of all the gauges, and 
which is the base of the New or Standard gauge, it 
is difficult to see upon what principle it has been 
arranged. On its face it bears evidence that its 
various dimensions were more matters of chance than 
of a guiding principle. Many attempts have been 


made to ascertuin the manner in which the dimen. 


sions of this gauge arose, and how they were recorded. 
What appears to us to be the most likely way in 
which these dimensions were established is that sug- 
gested by Mr. Latimer Clark. It is, to say the 
least of it, a cémmon-sense way of accounting for 
what, it must be confessed, it is not now an easy 
waatter, if indeed it be a possible thing, to account 
for in such a way that it will be accepted by all as 
the precise method by which the gauge as it has so 
long stood was arrived at. Considering the period 
at which the Birmingham Wire Gauge—designated 
in all contracta, specifications, ate., by the letters 
“B. W. G."—was introduced, now very many years 
ugo, it is not likely, as Mr, Clark remarks, that they 
called in or themselves adopted the aid which mathe- 
matical or physical science could have given them. 
The almost certainty, simply looking at the facta and 
circumstances of their work, and the period in our 
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mechanical history at which they lived, is that they 
just took the sizes of wires as then made, and from 
them constructed a wire gauge, in which they would 
be included, and with which other and new sizes would 
be compared, At one time, and of necessity from lack 
of power and appropriate machinery, all wire was 
“‘drawn,” to use the technical phrase, by hand power 
or manual labour, The largest size then made was 
three-tenths of an inch in diameter. This might be 
said to mark the outside or extreme limit to which 
hand power could goin the operation of wire drawing. 

It may well and safely be assumed that this, the 
maximum diameter which hand power could give, 
would have been exceeded had that power been 
greater, for there was no reason to stop at this size 


‘many business reasons to exceed it, as it has 


since, with greater power at command, been exceeded. 
And it may also be safely assumed that the precise 
dimensions which this the largest wire then drawn 
possessed, were much more a matter of chance than of 
a predetermined desire to have it of this diameter, 
Taking this the largest size of wire then made, the 
wire drawers would makeat‘one operation or “draw” the 
next size most conveniently drawn ; from this again 
they would “draw” at one operation the next size; 
and so on till the smallest wire made would have a 
character co small, or the wire would be so “ fine,” 
that it would be represented by some thousandths of 
an inch, The operation of reduction with the hand 
power only at command would always be the easiest, 
and would, in fact, only be limited by the purity of 
the metals used, and by the high percentage of exten- 
sibility, or, to use the very graphic word coined by 
Mr. Olark, “ drawability.” 

In procesa of time the “wires” thus sent out to 
the “trade” would become so extensively used, and 
in something like a regular way dependent upon their 
diameter or size, that a means of referring to them 
in definite and generally understood terms would be 
demanded, To meet this essential in drawing up 
contracts or specifications, or in sending “ orders” for 
supplies of wire, which would probably be the first and 
most urgent cause, the manufacturers would see the 
necessity of establishing a standard or system by 
which all the wires could be “gauged,” to use the 
popular. phrase, and referred to in a definite way, 
recognisable and accepted at once by the makers and 
the users, The easiest way would be to give to each 
size or diameter of wire a certain fixed and invariably 
used “number.” ‘And the series of numbers sufiici- 
ently great to take in all the sizea then made would 
naturally begin with 1. And this would as naturally 
be given to the largest size of wire made-—three-tenths 
of an inch in diameter, as we have seen-—which 


would therefore be called “No. 1” of the gauge, 


the descending series in size being of course indicated 
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by ascending numbers. The next, smallest size drawn 
at one operation would thus be “ No. 2,” and so on. 
That this was the course adopted is in a measure 
proved by the evidence of the “B. W. G.” as estab- 
lished, For we find that, a new power being given 
to the wire drawers, they’ could draw wires much 
thicker than. three-tenths of an inch in diameter— 
the “No, 1” of the “B. W.G.” With each unit of 
increase, they had to find a new number for it in the 
gauge; but as they had already established “No, 1,” 
and as descending sizes had ascending figures allotted 
to them, they had no alternative but to go backwards, 


so to say—that is, in the “zero” direction, Thus | 


the size above three-tenths of an inch—No. 1—was 
called “No. 0,” and the next largest size would 
obviously be “ No. 00,” or “No. 02,” ands00n. We 
have thus indirect proof, so strong that it may be 
taken as direct, that when the ‘' B. W, G,” was estab- 
lished, the largest size which could be practically, that 
is, in an economical or business paying sense, drawn, 
was three-tenths of an inch, or what was called, and 
is still called, “No, 1.” 

The various gradations of sizes drawn in the earlier 
times we have referred to would have their relations 
to each other decided in like manner—that is, by the 
circumstances under which the work was done. For 
we may safely aasume that, as in the standard sizes 
adopted, so here, there would be no abstruse mathe- 
‘matical or delicately adjusted physical aids called in 
to define the precise relation which an ascending 
number, as “ No. 5,” would have to the one preceding, 
or “No. 4,” or to the next ascending number— 
“No, 6.” This relation would be decided by circum- 
stances, or, to use Mr, Olark’s words, the “relation 
of the succeeding sizes would be determined between 
[by] two considerations.” For economical or “ paying ” 
reasons, the wire drawer would aim at drawing down 
the wire to the smaller size, or the smallest size 
poasible at one operation or “draw.” This would 
obviously be cheaper than to get the size by two or 
more “draws.” But this work would clearly be 
limited by the “power” he had at command, as well 
as by the character of the metal, or its cohesive 
strength, he employed. Practice would in process of 
time enable the wire drawer to balance, so to say, 
those opposing forees; and thus a “mean,” which 
would be the most profitable or best paying, would 
naturally be established in the manufacture, which 
would give a series of definite sizes. If the diameters 
of these were transferred to, or their dimensions cut 
out in, narrow strips or slots in the edge of a plate, 
and if to each of those a number were given, arranged 
in the way we bave already stated, the maker and the 
user alike would be able to determine the diameter or 
the ‘size per gauge” of any given wire, or the thick. 
neas of any piece ‘of sheet iron or metal, by simply 
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passing in the given wire or piece of metal into the 
slot corresponding to it in size in the plate, which 
would in itself be the measuring plate or gauge. 

Such may be taken as a fairly common-sense 
explanation of the way in which the “ B, W. G.” was 
established; and if it be correct, it might be pre 
sumed that in investigating the seriea of numbers or 
sizes there would be a “ constant relation between the 
breaking strength of each wire, and the resistance 
opposed to the draw-plate in drawing it down from its 
original diameter.” Such a relation is found to exist, 
There are several points connected with wire gauges 
which are not only interesting, but having a wider 
application than to this subject alone, are well worthy 
of the consideration of the young student in mechanics. 


To one or two of these we shall devote our noxt note. 


98. Bessemer Steel Castings.— Method of Working to ensure 
Boundness and Solidity, 

In Note No, 8 we opened up this important subject, 
and concluded by a reference to the lack of homo- 
geneity or uniformity in the metal—which, unfortu- 
nately, in too many cases, is ita characteristic. To 
one conversant with the process (see “The Steel 
Maker” in the text), and to those who have seen the 
Bessemer metal “ turned” into a large ladle ready to 
be run into the ingot moulds, one can easily under- 
stand how the opinion to which in the former note 
we alluded is prevalent among so many, that it is a 
ladleful of a material which, in its apparently un- 
settled, seething, boiling condition, ia by no means fitted 
for giving sound, solid, and homogeneous castings: It 
would seem to be the very nature of the process to 
yield this condition, to which the term “ frothy” might 
be applied as giving some idea of what it is. To 
compare smal] things with great, the mass is like a 
beaten-up egg which has been whipped up to make a 
light porous syllabub, or one of those pretty tempting 
dishes to which, in our ignorance of cookery, we can- 
not now givea name. The beaten-up egy presents a 
very different appearance from the homogenecus and, if 
we may fo call it, the solid or close condition of the 
egg before it was beaten up. Now, this seething, boiling 
mass of Bessemer steel, as it comes from the converter, 
is not in a fixed or a permanent condition—which, as 
somme maintain, cannot be altered, but must convey 
or retain its characteristics when the metal has been 
cooled and settled into its solid condition. To return 
to our iltustration, it ia like the whipped-up egg: 
the process of converting has done for the metal 
what the beating did for the egg, and a light, porous, 
blown-up mass is the result. It is well known, how- 
ever, to those who have much to do with the mixing and 
agitating of various substares, that a masa which has 
been ao agitated that it has become frothy, porous, and 
honeycombed, may, by having thrown into it or mixed 
with it some other substance in a different condition, be 
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made, so to eay, to collapse or fall down or subside, the 
frothy condition disappearing and a close or what may 
be called a solid state resulting. The bulk of the mass 
is the same, but ita physical condition is different, The 
substance thrown into it, which has acted aa the quieting 
or solidifying agent, may or may not be a deteriorating 
substance, and if it be, the object in view of the 
operator will be to throw in as much of it aa will 
complete the quieting or settling, and nomore. Now, 
in Bessemer steel we have a cage precisely analogous 
to this now illustrated. The very “lively” state in 
which the steel is on being passed into the ladle 
is found to be so amenable to the action of certain 
substances, that it may be soothed or quieted down 
until it is got into that condition in which it will 
give sound and solid castings, Those substances 
thus so valuable are ferro-manganese, silicide of 
manganese, or silicide of iron; and they are just as 
available and valuable for Bessemer steel as they are 
known to be in steel made by any process other than 
that of the Bessemer converter. But in the works of 
Henry Bessemer and Oo., of these soothing or quieting 
agents, ferro-manganese is the only one used, And, 
as stated by Mr. W. D. Allen, of this Company, who 
read a paper before the “Iron and Steel Institute ” 
last year, and which forms the basia of the present 
“note,” a ladleful of Bessemer steel judiciously alloyed 
with ferro-manganese “ will run dead and lie perfectly 
quiet, sinking into the mould like ordinary cast iron, 
and a large dead head will always be necessary to feed 
the casting. In this way are cast cranks, side-cranks, 
cross-heads, cylinders, rollers, spur-wheels, and various 
other similar pieces of machinery, which, when finished 
bright, over their whole surface, show neither blow- 
holes nor blemish of any kind.” We have above 
italicised the word “ judiciously,” for it is to be here 
noted by the reader not intimately acquainted with 
all the details of the sateel-making process that the 
quieting, soothing substances or alloys above alluded 
to, are in themselves, in relation to the Bessemer 
steel with which they are mixed, impurities. If they 
be in excess, thoy give a harshness and hardness to 
the steel, taking from it in like proportion “that 
beautifully soft, ductile nature” which is the charac- 
teristic of good Bessemer steel. We have just used 
the word “mixed.” To return to the familiar illua- 
tration we gave at an early part of this “ note,” it is 
known that, by throwing in a certain solid substance 
in the shape of a powder, a frothy, puffed-up liquid 
will be quieted. But the quieting process is only 
partial, and is not completed until the whole mass is 
thoroughly stirred, mingling the “‘quietener,”so to term 
it, and the liquid together. Now, apart from any 
effect in this direction of the process or “ blow ” (see 
“The Steel Maker” in the text) itself, the act of turning 
the metal from the converter into the ladle created 
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such an agitation or violent action that the materials 
were most imperfectly mixed. To express the cone 
dition in popular language, in place of lying closely 
together they are separated by bubbles of air, just as 
the beaten-up liquid or semi-liquid of the egg already 
noticed became frothy, and, as the familiar expression 
has it, full of air; and just as gentle, continuous 
stirring is substituted for the violent agitation of the 
whipping or beating of the egg liquid, so does the 
frothy condition subside and the mass become homo- 
geneous. The same result would ensue if the frothy 
mass were allowed to remain perfectly still for some 
time, the air gradually escaping from the mass; 
or a like result would follow if it were very gently 
poured from one vesael to another, and this more than 
once, according to circumstances. To get rid of the 
“occluded” gases (for this term see the “ Oyclopmdic 
Technical Dictionary ”), a method has heen introduced 
of treating the Bessemer steel while in the ladle, and 
this simply by stirring it with a mechanically worked 
“apitator.” To some of our readers it will appear an 
odd thing to stir a huge mass of molten steel at an 
excessively high temperature as one stira his cup of 
tea; and certainly, on looking for the first time at a 
huge ladleful of the glowing mass of melted metal, it 
does seem & daring idea to take in hand to stir it. 
What kind of a spoon, the young reader may ask, can 
be used which will not be itself melted? and what 
stirrer can be found which or who can stand the fierce 
heat raging above and around the ladle? These and 
all other pointa will be explained in a succeoding 
“note,” which will embrace a brief description of 
this most important improvement in Bessemer steel 
making, Meanwhile we conclude this by stating, 
in relation to the question of Bessemer steel castings, 
that Sir Henry Bessemer himself, in the discussion 
which followed upon the reading of Mr, Allen’s paper, 
already alluded to, stated that he had “seen such 
(sound) castings made by the hundred without a single 
(gas or air) bubble, and without the “agitator” it 
would have been impossible, even with the hammer, to 
hide the bubbles.” 
20, Indigo Printing on Calico. 

Natural indigo has long held—~—and notwithstanding 
many substitutes, yet continues to hold—an im- 
portant position amongst dye wares. Indigo dyeing 
is comparatively a simple matter, and also the pro- 
duction of a variously-coloured pattern containing 
light and dark shades of indigo blue, by the discharge 
process; but indigo dyeing and dischurging are 
expensive processes. Indigo printing is more difficult 
of accomplishment, and according to the old methods 
is unsatisfactory, only dight shades of blue being 
obtainable. The subject of dyeing and discharging 
indigo blues will be found treated in the papers on 
‘The Calico Printer.” Recently much attention has 
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been devoted to the producing of indigo blues directly 
upon calico by printing. Perhaps the hitherto dis- 
appointing results obtained with artificial indigo and 
other substitutes for the natural product, have induced 
fresh efforts to be made in this direction. The follow- 
ing process, more or leas modified according to varying 
circumstances, now adopted by many large firms on 
the Continent and in this country, is that carried on 
at the works of Messrs. Schlieper and Baum, of Elber- 
feld, By its means blues of any depth of shade, and 
in a great variety of patterna—either singly, on white 
or on Turkey red cloth, or combined with several 
other colours—may be obtained, and at a considerably 
less cost than that of the dip or indigo dye and 
discharge process, 

For indigo printing a special shop is built, and 


arrangement is made for the prevention of draughts | 


in the room; moreover, it ought to be kept at a 
uniform warm temperature. Each printing machine 
is provided with a special arrangement for drying the 
cloth both before and after printing, and alao a special 
steaming apparatus, The principle of the process is 
the reduction of the natural indigo to white indigo by 
the action of glucose in presence of an excess of caustic 
alkali and steam, and the absorption of the solution 
ef white indigo by the fibrea of the cloth, and the 
subsequent oxidation of the indigo, which remains 
firmly fastened in the fibres of the cloth, 

1, The Preparation of the Cloth for Printing upon. 
—The cloth, whether white bleached calico or Turkey 
red dyed cloth, is first run through a solution of 
glucose (grape sugar) at 12° 'I'w., in a preparing 
machine, and squeezed between rollers and dried, 
Immediately before printing, it is necessary to dry 
the glucose-prepared cloth a second me, glucose 
being hygroscopie. 

2. Preparation of the “Colour” for Printing. —A 
standard colour is first made by grinding 25 kilos. of 
good indigo, containing 70 per cent. of indigotin, in a 
granite mill, with 50 to 70 parta of water, for two 
days. As much water is then added as will make 
the mixture weigh 125 kilos. ; this is removed into the 
iron pan of a balance, the pan being suspended in an 
empty trough, the other pan outside the trough con- 
taining the weights; 50 litres caustic soda solution at 
70° Tw. are then added ; then 58°53 kilos. solid caustic 
soda 90% are added, and the mixture stirred with an 
iron spatula and kept at a temperature of 40°C, 
by means of running water into the trough. This is 
called the standard colour, and from it any desired 
shade of printing colour is prepared. It is preserved 
in iron boxes with hydraulic lids, to prevent access of 
air, the carbonic acid of which would form crystals of 
carbonate of soda in the colour by uniting with the 
caustic soda. 

To prepare the colour for pointing: 8 kilos, British 
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gum and 1‘5 kilo. Indian corn starch are mixed with 
8°75 kilos, cold water, in a pan standing in a cold 
water bath ; 19 kilos, caustic soda at 70°Tw. are then 
gradually added and stirred with a wooden spatula, 
27 kilos, of the standard colour, as prepared above, 
are then added, and the mixture is well but slowly 
stirred. Less or more standard colour than this 
quantity may be added if a lighter or durker shade of 
blue is required, but in any case the standard colour 
and caustic soda together must weigh 46 kilos,; the 
difference between this weight and the weight of the 
standard colour must therefore be made up with 
caustic soda, The standard and soda having now 
been added, the mixture is heated to 70° C., with 
constant stirring, and then cooled. The colour is now 
ready for printing ; it may be preserved uninjured for 
several months in hydraulic pots, ; 

8, Printing the Colour.—The colour, colour-box, 
and “doctor” are made tepid warm}; the colour being 
very thick is constantly stirred during printing, and 
the glucose-prepared and dried cloth is printed in the 
ordinary way; immediately on leaving the printing 
roller it passes along a warm iron plate, then passes 
into a long box through which is passing a current of 
air at a temperature of 70° C., by which it is dried to 
such an extent that to the touch it is but very slightly 
moist. 

4, Steaming the Printed Cloth.—The printed cloth 
now passes out of the air-drying apparatus, and is 
allowed to cool, and at once passes into a spocially 
constructed steaming chest, containing pure steam 
free from air, and in 20 seconds passes out, The action 
which takea place in this steaming operation is the 
key to the whole process. The soda attracts moisture, 
and the solution of soda and glucose acting upon the 
indigo reduces it to white indigo, which dissolves in 
the caustic soda and penetrates the fibres of the cloth. 
On coming out of the steaming cheat the pattern is 
therefore olive-brown-coloured, and quickly oxidises 
to blue by exposure to the air. The printed pieces 
are taken and run open through a washing machine, 
and most of the soda and glucose thereby washed out ; 
they are then squeezed between rollers and exposed 
to the air for a short time. Next they are wushed in 
an ordinary washing-machine, in the rope form, and 
dried on drums, which completes the oxidation of 
the indigo ; lastly, they are passed through very dilute 
caustic: soda at boil, washed and dried, and the cloth is 
ready for finishing like ordinary prints. 

The cost of the colour, with the present cost of 
materials, as above described, and containing 27 kilos. 
“standard” colour in 54 kilos, printing colour, amounts 

to 8a. 19d. per piece of 66 yards; dip or dyed blue 
of the same shade costing 3s. 7j4d.; the cost of both 
varying equally, of course, with the price of indigo, The 
above is a description of single indigo blue pattern, but 
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different effects may be produced by employing a restet 
containing precipitated sulphur and ‘padding; also 
combinations with alizarine are produced, But apace 
doea not permit of our entering into these variations 
in the process. | 


90, Date Useful in Mechanical Calowlations, and in making 
out Estimates for Work. 


(1) Weight in pounds and decimal parts of pounds of a oubia 
foot and a cubio inch of Different Motals. 


cub, ft. cub.in, cub, ft. cub, in. 


Caat iron . 4505 0260 pd gg : - 49°2 —-0'317 

Rolled malleable : 7096 410 
iron bar . 4868 = 0281 Tin. ‘ 458° 

Stes! . 4896 0283 Zine ‘ » 429 0248 

Brass . 489°0 3=— 0288 


(2) Weight in pounds of a aquare foot of Various Metals 

ona-aiateenth of an inch in thickness. 

Cast iron, 2°34 1b.; malleable or wrought iron, 2°52; 
steel, 2°55; brass, 2°73; copper, 2°89; lead, 3°70 lb. 
When three-sixteenths in thickness the weights in 
the order above given will be: 7°03, 7°57, 7:65, 
8:20, 8°67, 22:25 lb. The intermediate thickness, or 
one-eighth of an inch (¢.4. %), will be found by doubling 
the weight per foot of the one-sixteenth thickness. 


(3) Weight in pounds of a square foot of Sheet Iron or Plate 
in various thicknesses. 


ysth inch thick = eos lb, |. §theinch thick = 25°20 1b, 
" » = 506 ,, ths ,, » meOUDL yy 
He " ” a 10 " ” ” ae ” 
8 » ™ we Sl)" 
t i) = 0-2 0 : " n " 


W ” 


(4) Weight in pounds per lineal foot of Wrought Jron Rods 
or Round Bare of various diameters. 





3 in. diameter m 10: 47 lb, 1 in, diameter =2°61 lb. 
1gthe ” " aaa y Bo " = 2:00 ” 
14the ) ” van 801 3 the " " w 147 " 
ith, » = 691, | fhe, . wlos” 
14 ih) =m 5° 89 ” 4 rt ” = 654 ” 
lithe 1D an 4:94 ” ths rT] ” : = B68 ” 

th. oo. = 409, th,  » = 168) 
14th ,, ' = 381,, ” " m 40 ,, 


31. Portland Cement Concrete. 


In Note No. 3 we gave a brief general description 
-of Roman and Portland cements, their constituents 
and relative strength ; and we now proceed to put 
together a few notes as to their practical use. Practi- 
cally these will refer, as a rule, to Portland cement 
concrete. It need scarcely be said that, to get good 
results in construction, | the best—certainly, at the 
least, good—Portland cement must be employed. 
It is pala leas necessary, unfortunately, to say 
that this involves the fact that there are bad as 
well ag good qualities in the market. Adulteration 
is not more likely to stop at cement making than at 
any other branch of manufacture; and where it can 
_ be easily carried out, as in the case of this cement, 
it may well be understood that it is frequently s0, 
There are, indeed, in the market Portland cements 
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which are #0 only in name, not in fact, and which 
are not worth having at any price where good, 
sound, honest work is looked for, It is not, however, 
always easy to detect the presence of adulterating 
material, But, fortunately for the purchaser who 
does only honest work, the adulterating materials 
generally used lack the feature of ponderosity which 
the true cement possesses, This affords a. means of 
knowing the quality of any cement eold as true and 
good—-namely, by its weight. ‘Portland cement, to 
be good, should weigh not leas than 102 lb. to the 
bushel measure. But in our practice we preferred a 
heavier weight—say of 110 to 112 1b. For the best 
work the maximum weight should be used, Where 
the amount of work to be done is extensive, the 
tenrile strength of the cement should always be tested. 
The tensile strength should not be less than 300 Ib. 
to the square inch. A range from this to 350: lb. 
may be considered safe. The cemonts made by our 
best manufacturers show, however, a far higher tensile 
atrength than this—450 Jb., and up to a fraction 
within 500 lb., being often, and indeed as a rule, 
obtained. Where the architect or engineer has large 
weighta of Portland cement to deal with, it will be 
well to have it teated in regard to ita chemical 
combinations or constituents, as well as to its tensilé 
strength. A few remarks on these two testa will be 
useful here. 

In respect to its chemical character, the percentage 
of lime is a point of the greatest importance, any 
excess of this bking very prejudicial to the strength 
of the cement. This may be ascertained by what 
may be called a chemical test, and, as is generally done, 
by a physical one. In a pure or well made cement 
the lime is not present in the form of a carbonate of 
lime, analysis showing the absolute absence of this, 
although it is present in the “slip” or “slurry,” or 
first semi-liquid mixture of the materials before they 
are calcined, and this to an extent of more than one: 
half. But cement is, as we have said, but too frequently 
adulterated ;' and amongst adulterating materials, 
ground limestone or chalk isemployed. The presence 
of this can be detected by the use of muriatic or hydro- 
chloric acid. A weight of 5 grammes of the cement 
may be taken to be tested, and the acid to be poured 
on it is diluted with water in the proportion of four 
parts of water to one of pure acid—50 grammes of the 
dilute acid being used for 5 grammes of cement; or 
in like proportion if our weights be used. The dilute 
acid being poured on the cement, and the whole well 
atirred with a glass, wooden, or gutta-percha rod, if 
chalk or limestone be present effervescence or ebullition 
takes place, and the amount of this may be taken as 
roughly determining that of the adulterating material 
used. In purecement no effervescence will take place, 
as lime is present only in what may. be called the 
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combined form, with a amall percentage from lgths 
to 24rd of sulphate of lime. 

When there is an excess of lime which has not 
been properly combined in the calcining or burning, 
there is a tendency in the cement to crack or disinte- 
grate when exposed to atmospheric influences, under 
the ordinary conditions of building, or when used for 
hydraulic work—the cracking being caused by the 
expansion of the lime in excess. The presence of this 
is ascertained by the physeal test we have alluded to. 
This is carried out in s very simple way by taking a 
sample of the cement and making, with the aid of 
water, a small mass of concrete. This should be 
formed into small cubical masses, and those-——in num- 
ber as many as may be deemed desirable—placed on 
pieces of slate, and allowed to “set.” On being “set,” 
the maases, along with the slates on which they reat, 
should be immersed in water, and allowed to remain 
quiescent therein for a period of not fewer than three 
days. And it is obvious that the longer the masaes are 
allowed to remain in the water, the better will be the 
test. If after two or three days the masses show no 
cracks or evidences of disintegration or breaking up, 
it may be decided that there is no undue excess of 
uncombined lime. In forming the test masses or 
lumps, the quantity of water for mixing up, or making 
the concrete with the cement, should be as small as 
possible, consistent with the free working of it into 
the magses required. The more shapely, so to say, 
these are made, and the more regular their surfaces, 
tho better, as the facets or corners will so much the 
better display any cracks or tendency in the concrete 
to crack or disintegrate. 

We may conclude this note by stating that the 
acid test for lime or chalk adulteration may be applied 
when it is supposed that ground slag—from its fine- 
ness—has been used as an adulterating material, When 
a dilute muriatic acid is mixed with the cement, the 
solution takes a yellowish hue should the cement be 
free from the adulterating material, and does not 
become tinted; but if this be present, the solution 
becomes tinted or milky, and a strong smell of 
sulphuretted hydrogen gas is felt, this arising from 
the presence of sulphur in the slag. It is right, how- 
ever, to state that in Germany the manufacture of a 
cement from pure iron slag is carried on, and the 
quality in its tensile strength is stated to be beyond 
the usual standard, We require, however, to have 
more definite results on this point. In our next note 
we shall chiefly describe the mode adopted for testing 
the tensile strength of Portland cement, preliminary 
to the explanation of other and practical points con- 
nected with the use of this important constructive 
material, the manufacture of which is now carried on 
to 9 great extent, and with the application of very 
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$8. Data and Rules for Building Calculations and Estimates, 


(1) Sizes and Average Weights of, and Surfaces covered 
by, Slates used in Building, 








Names of the rhea t aa 
diffcront classes of | Dimensions. babel Nima "s Squares” of 
Slates, P ; 100ft.muperfilal, 
per ton, 
{ ” 
Queens s 8 8 82, 34. 36 by TT TTTTTT TT Ty Oaareereneee 
16,17, 18 
Princesses . , .| 80 by 18” 115 owt, 162 aq, 
Ditto. . . 0. 2a, 14” 97 ,, 144. 
Ditto , . | 26, 18" 82 ,, af 
Dnoheases . , ,| 24 ,, 12” 65 C=, ll ,, 
Marchionesses | 22 ,, 11” 54, 9 , 
Countesses , . .| 20 ,, 107 43, 73, 
Viscountesses . | 18,, 0" 85, 6, 
Ladies . . . | 16, 8° 25 49 ,, 
Small Ladies . .| 14,, 7 1) ,, ay, 
mperialg, tor 1 wept 
rooting asions| : are wide 
lengths. . . " " 


(2) The Length af Timbers, Joists, or Beams required to make 
@ Cubic Foot of various sived Soantlinga—that ta, with a 
given' Breadth or Thtokness with various Depths or Widthe, 

No. 1, The breadth or thickness being 2 inches,—~ 
With a depth or width of 2 in—that is, a section 
of 2 in, aquare—the length required to make a 
cubic foot of the timber will be 36 ft. Keeping 
throughout to the one breadth or thickness of 2 in., 
the following will be the lengths required to make a 
cubic foot; of depths or breadths increasing by half 
an inch, commencing with a depth or breadth of 
24 in., up to and including that of 12 in. Thus 
2” by 24” will require a length of 28 ft. 9 in. to make 
a cubic foot; 2” by 8” = 24’ 0"; 2”x 83" = 20' 7": 
a” x 4" = 18’ 0"; 2x4" = 16’; 2"x 5 = 14! 6"; 
2" x OY == 13! 1"; 2x 64" = 11! 1%; 2" x 7" = 10 3"; 
2” x Th’ = 9" 7"; 2" x 8 = 8; 2" x BA = 8B BY: 
2" xO" = 85 KOM = 7 7"; 2" x10" = 7 8", 
2" 103" = 6’ 10"; 2"x11" = 6’ 6; Ox 119" = 
6’ 4"; and finally, a joist or piece of timber 2” x 12" 
requires & length of 6 ft, to make a cubic foot. 

33. To find the Breaking Weights in pounds of Beams of 

various kinds of Timber. 

Take the equare of the depth of the beam in inches, 
multiply this by the breadth of beam, also in inches, 
and multiply the result by the “constant” for the 
particular kind of timber employed; finally divide 
the quotient thus obtained by the square of the 
length of the beam, alxo in inches. For “ con- 
stants” see next Note (No. 34), 

84. Constants for “Breaking Weights” used in caleulating. 
the Strength of Timber Beams to support given Weights, 
or to sustain given Pressures, 

(1) Oak (English), 1,775; (2) Oak (Canadian), 
1,766; (8) Elm, 1,350; (4) Ash, 2,026; (5) Beech, 
1,693; (6) Larch, 1,149; (7) Riga fir 1,325; (8) Red 
pine, 1,342; (9) Pitch pine, 1,632, 
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35, Thermometer Scales—Fahrenheit, Centigrade. 

Of late years there has been a marked tendency 
to introduce into our scientific literature, and to use 
in scientific investigations, the Continental (French) 
weights, measures, and scales. The French system, as 
is well known, is on the “decimal” method of calcula- 
tion. In all calculations and disquisitions connected 
with heat, the Fahrenheit thermometric scale was at 
one time universally used in this country. But of 
late the “ Oentigrade” has been largely employed by 
our scientific men. By long usage we have got s0 
accustomed to refer all indications of temperature or 
heat to the Fahrenheit scale, in which the leading or 
popular point is the “boiling point of 212°,” that 
when statements of temperature according to the 
Centigrade thermometric scale are given, one has a 
natural desire to know what the given temperature is as 
judged by the Fahrenheit scale. The converse, though 
necessarily not so popular, is useful, The following 
gives, firat, various temperatures in the “ Fahrenheit,” 
and, second, in the “Centigrade” scale: — 212° F, 
(boiling point), 100° 0.; 200° F., 93:3° 0.; 180° F,, 
B2-2°C.; 160° F., 71:1 C,; 140° F., 60° 0,; 120° F., 
488° C,; 110° F., 43°3° O,; 100° F., 87:7° O.; 90° F., 
82:2° C,; 80° F., 266° ©.; 70° BF, 21°1°0.; 60° F., 
15'5° C.; 50° F., 10°0° ©.; 40° FF, 4°4° C.; 32° F, 
(freezing point) 00°, or “zero,” 0. To convert the 
temperature given under one scale into the corre- 
sponding temperature in the other scale is frequently 
required or desired. To convert the degrees named 


according to the “Centigrade” into degrees of the | 


“Fahrenheit” scale :--When above zero or freezing 
point—deg, in Fah. + deg. in Centi. x {, or thus: 


mee x == Fah, deg. required. When the 


Oentigrade degrees named are below zero or freezing 
point, deduct the degrees in Centi, scale from 32° Fah. 
scale. When it is desired to convert degrees named 
according to the Fahrenheit scale into corresponding 
degrees in the Oentigrade, if above freezing point, 
the given degrees in Fah. + 32 x 5, and divided 
by 9, will give the degrees Centi. required. If below 
freezing point, the given degrees in Fah, — 32 x Band 
divided by 9—-is the formula. 
86. Drawing Paper—Dimensions of the Usual Sixes or 
Varieties, 

(1) Wove Antique, 52 in. by 27 in.; (2) Double 
Elephant, 40 in. by 26 in. ; (3) Atlas, 38 in, by 26 in. ; 
(4) Columbia, 84 in. by 23 in.; (5) Elephant, 27 in. 
by 23 in.; (6) Imperial, 82 in. by 21 in.; (7) Super 
Royal, 27 in, by 19 in.; (8) Royal, 24 in. by 19 in.; 
(9) Medium, 22 in. by 17 in.; (10) Demy, 20 in. by 
15 in, 
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37. Brands, Grades, or Marks of Drawing Penoils. 


(1) Very dark, black, or soft, BB. (2) Black or 
soft, a degree less than (1),3. (3) Moderately soft 
and dark, HB. (4) A pencil for softness or darkness 
of its line between HB and the next grade (5) is 
marked or branded as F, and is used for the general 
work of rough sketching, writing, ete, (5) 3, Hard, 
for drawing lines finer than (4). (6) a H, or double 
H, stil] harder than (5), for finer lines. (7) H HH, or 
“treble x,” the hardest pencil in general use, employed 
in the finest architectural and engineering drawings 
(see The Building and Machine Draughteman ”). 


38. The Relative Influence of Illuminating Agents, as 
Candles, Gas, etc., in Vitlating Fresh or Pure Air 


is shown by the following, The agents are presumed 
to be consumed in giving a light equal to twelve 
sperm candles, Thus, while tallow or ordinary 
candles consume of oxygen 12°06 cubic feet, the same 
consumption or lighting power will produce of car- 
bonic acid gas 2:01 cubic feet. Taking the agents as 
follows, these are their relative vitiating influences on 
the atmosphere. Wax candles, consuming 8°41 of 
oxygen, produce 5°90 of carbonic acid gas; sperm 
candles, 7:57 O., 5°27 ©.; stearine or paraffin candles; 
8°82 O., 6°25 O,; common coal gas, 5°45 O., 3°21 O., 
Cannel coal gas, 3:30 O., 2°01 C.; sperm oil, 4°75 O., 
3:38 C.; paratfin oi], 6°81 0., 4°50 C. 


89. ‘The Domestic Bide of Banitary Science 


deals with home comforts, and the unit in this case 
is the house, then the village and the town. Houses 
must be planned, constructed, and regulated to afford 
means of health and morality to the occupants, 
Villages and towns must be so arranged, built, sewered, 
paved, and scavenged as to preserve the purity of the 
soil below, and the air above, for the benefit of the 
inhabitants. To secure such ends there must be 
sewers, drains, pavements, scavenging, and a water 
supply. .'. . The cleanest-looking places are not always 
the safest (in a sanitary sense), <A clean-looking 
country house or village, surrounded by pure air, free 
from coal and smoke, may have hidden dangers worse 


| than any in a town. Visible (external) dirt ia not 


always the most dangerous, as the rain washes it, the 
wind blows over it, and the sun driesit. The presence 
of rata either in town or country (within or immedi- 
ately about a house) is a certain indication of danger 
(sanitary), aa rate live on garbage. They are usually 
diseased, and can convey the seeds of disease,”— 
Addreas to the Sanitary Institute of Great Britain by 
Sir Robert Rawlinson. 
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Or 


INDUSTRIAL SCIENCE FOR HOME STUDY. 


(9) In another part of our work a few paragraphs 
will be found on “Cements,” one of the most intereat- 
ing, a8 in many respects one of the most extensively 
useful departments of industrial work. Very good 
cements are often classed as being the opposite of 
this, simply because they are improperly applied or 
used—a result, be it noted, in many classes of work 
other than that of cementing. Some cements require 
one mode of application, some another; but all 
demand one thing—namely, that the surfaces of the 
hadies to be joined at tho joint shall be clean, this 
referring specially to the absence of all grease, or 
vily or greasy matter. Gotting rid of this, as it is an 
exsentially important so it iy « more difficult matter 
than it may appeur at first sight to be; at least, 
it requires greater care than somo are disposed to 
exercise. We have had to deal with cements so fine 
that we have found the natural greasiness of the hand 
to act prejudicially in preventing propor udliesion. 


(10) Those who have had much to do with gluing 
and cementing, if observant, must have noticed thut 
the joined or cemented or glued bodies, although 
apparently well and carefully done, will “suddenly 
separate or fall away from each other.” Tb would 
nimost seom ax if each kind of cement had its own 
peculiar lasting power. The writer, who hax yuid 
some attention to the subject of cement, has, for 
example, noticed through an experience of xume yenrs, 
that one particular kind of cement greatly used for 
joining articles of glass and the like loses its gripping 
or holding powers somewhere Letween the ten and 
twelve months—und this although the cementing was 
done with the greatest care. The pieces full suddenly 
away from each other without any obvious weakening 
at one part more than at another, the giving way 
extending or acting over the whole surface at once, 
This retention for a limited period of the holding 
power of cements opens up more than one curious 
scientific point. We know that molecular changes in 
bodies take pluce under certain circumstances, and it 
might be worth inquiry how it is that the chango is 
brought about in the case of some cements, To the 
annoyance of many, common glue frequently displays 
this tendency to lose its holding power—not showing 
w weakening gradually, but quite suddenly giving 
way. Examination of tho faces of the separated joint 
seems to point to excessive brittleness as the cause of 
the glue giving way. This brittleness, and with it 
the tendency in glue to lose its hold, is overcome by 


mixing with tho melted glue a little glycerine. Ex. 
perience alone will show how much should be used. 
If the articles are kept in a very dry or warm place, 
the quantity of glycerino required will be greater 
than if the situation be a little more humid. 


(11) In Note No. 5, on the subject of “steam 
rising,” we saw that the operation of boiling of water 
resulted in the creation of a forea, the steam raised 
representing *o many units of mechanical power 
capable of doing mechanical work of some kind ax 
obtained from so many units of heat, A “unit of 
leat” is tho heat required to raixe one pound weight 
of water one degree of the thermometric seale in 
temperature; and # unit of mechanical force--or nas 
it is generally termed power—is the work done in 
rusing a woight of one pound (avoirdupois) through 
v vertical distuuce of one foot. Henee the term 
“foot-pounds” used in estimating the amount of 
mechanical force or power, Looking upon the opera - 
tion of “storm raising,” which is virtually that of 
“boiling,” as the munifestation or production of a 
force capable of doing work, the subject for the student 
is invested with a pructicnl interest, tho points of 
which will well repuy his most earnest attontion. It 
is one which, with its side issues, would require much 
space to do it full justice. In the limited nmount of 
this we have nt command, we can only glance at its 
lending points. In tho “raising of steam” we have 
certain essentin§ clements to deal with: first, the 
“water,” which ix the body which under certain 
conditions yields the gaseous fluid or watery vapour 
culled “steain”; second, the “heat” by which that 
vapour is created, this heat being in practice produced 
by the “combustion of fuel,” in which process the 
ordinary atmosphere or “air” plays an essential part. 
On the combustion of fuel and on air we shull have 
notes to present to the reader in this section of our 
work; and we hope to tind space for another series, 
on “water,” a substance or body which plays one of 
the most important parts in the physical phenomena 
of the globe, and a.not less important part in our 
industrial work. Meanwhile, of the churacteristics of 
water it will be essential to our present purpoxe to 
glance in briefest fashion at one of its most important, 
namely, its “capacity for heat.” Of ull the bodies with 
which man has to deul in the varied work of Jifo, water 
ia the one which is capable of absorbing or taking up 
the greatest amount of leat, there being only one 
exception to this—the metal known as platinum. This 
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eapability of water to tuke up the greatest amount— 
to curry, so to sny, the heaviest. burden of heat of nll 
the bodies known to mun—is of the greatest service 
tohim. And the fact that this aflinity for heat, to use 
a chomicn] expression, ix associated with an element 
xo universally met with allover the globe, and which 
from its physical properties lends itself with such ease 
to the varied works of iman, is not a® mere coincidence, 
but is to our mind another of the many instances we 
haveof beneficent creative design, Tf we place a vessel 
of “cold” water apon a briskly burning coal fire, it gra- 
dually changes its condition, tnd becomes whit is enlled 
“hot.” These terns hot and cold, be it remembered, 
are purely relative, A body having a certain tem- 
peradure may he called “cold” compared with another 
body whieh lis a higher temperature, while conversely 
it might beas truly said to be “hot” when compared 
with another body possessing a lower temperature 
than it. Strictly, there ig no such thing as absolute 
cold or heat, Certainly we eannot positively dechire 
that below the lowest temperature man has been 
able to produce there is not still a lowers and the 
converse is equally true. By recent improvements in 
furnace construction, and inamethods of consuming fuel, 
we jive now in daily use temperatures of a height 
Which not many vers ago practionl men would readily 
have pronounced to he unattainable; and who would 
now venture to assert that we shall not be able 
to reach higher temperatures still? Tn the simple 
experiment named above, the eold water placed on 
the fire gradually becomes otter, as shown by the 
thermometer—poing through the stages of first eold, 
next lukewarm, then warm, and finally very hot, We 
here make a distinetion between the terms warm anid 
hot, Which are usually considered as svnonyme > but 
the term warm is generally applied to bodies ins a 
condition in which the temperature is on the averago 
low, the tomm hot being applied when the temperature 
ix on the average high. As before said, there is 
nothing absolute ino the conditions, After the water 
has reached a certain stage of heat, it: becomes more 
or leas violently agitated, and from its surface a white 
vapour pisses away, ta whieh Che mame of steum ” 
in given, Tf now the vessel be taken from the fire 
wid exposed to the ordinary air, it will be found in 
texting it by the thermometer that the water qradieally 
grows colder, till it: renches at last the same tem- 
perture as that it originally possessed—namely, the 
normal one of the surrounding Ain [fy in place of 
removing the vessel from the fire after it had reached 
the point of ebullition or hoiling, it had been allowed 
to remain, the water would gradually have disappeared 
till the vessel would be what is called “ boiled dry”; 
or, MN more scientific terms, the water would be wholly 
evaporated, passing: into the open air in a vapour, 
And these threo conditions—the cooling, the heating, 
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and the evaporation or drying or boiling up of the 
water—have all been gradually brought about; that 
being an important element in the three operations. 
And ulthongh to the young student it might appear 
to he a desirable thing to have boiling and steam 
rising done at once—suving time and fucl—a little 
consideration will sufice to show that the feature of 
gruduality, sv to call it, which distinguishes the pro- 
cosses we have named, ix really a beautifully designed 
Jaw. If, for example, the moment water had reached 
the temperature of the boiling point (see a suceceding 
note), at which the water changes from the liquid into 
the gaseous or vipoury form, the change had been 
instantaneous, the produetion of steam would have 
heen asx dangerous as the firing of gunpowder, and 
it could not have been used, as it is used, as a motive 
power; the steam engine and its boiler could not have 
been the convenient instruments they are in the bunds 
of nen, = Other manifestations of this beneficent law 
of the gradual operation of physical effocts could here 
be named, We can only merely allude to the natural 
processes going on around us every day in equalising 
the temperature of the globe, and in making it fitted 
for the habitation of man, The total amount of heat 
required to bring water to the boiling point is called 
technically the “quantity of heat.” And this is taken 
up by a succession of portions of heat abstracted from 
the source of supply of the heat, this succession being 
nnecessity of the gradual wry in which water becomes 
hot. ‘Those portions are technically called “inere- 
ments, the meaning of which term will be gnthered 
from the Latin verb from whieh it is derived— 
ereserre, tO Inereaxe, to angment, to add to, and da, 
An “inevement "nay therefore be considered a par- 
ticle or molecule of Leat—if, indeed, wo can conceive 
of those material terms being applied to a something 
Which we call heat, but which is at once invisible, 
intangible, and imponderable, and of which what it 
is, or how produced, we know absolutely nothing; all 
that we do know being how to avail ourselves of its 
peculiarities in the doing of our work, But this 
considering of increments of heat as solid particles 
may enable one more readily to conceive of them as 
being taken up, absorbed into, or mingled with the 
constituent particles or molecules of viirious bodies 
whieh man in varied industrial processes subjects to 
the influence of heat, to serve certnin purposes or bring 
about certain results, And as each possesses its own 
peculiar properties, making it different from all other 
bodies, so cach body will have its own pecniiar relation 
to somne one particular agent, differing from the rela- 
tion of some other body having different characteristics 
or properties, Thus two bodies in relation to the 
ugent water will display two different properties. Une 
body being dense, or with its particles closely packed, 
gO to say, together, will, when exposed to the water, 
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take up or absorh tewer particles or increments of it ; 
while the other budy, being lexs dense or porous, as 
it is termed, will take many more increments of it. 
And in both causes, while there is, so to say, a different 
mechanical athinity for water in the parts of the two 
bolies, they both’ resemble each other in’ this,— that 
there ix no chemical reaction or change set up in their 
constituents, so that if the water be wholly driven 
off from each, ench will possess precisely the same 
properties which originally characterisod it, © And 
just as different bodies have different relations to the 
elements of water, so different bodies have different 
relations to the element of heat. Each body possesses 
its own capability to take up, absorh, or carry its 
own burden, so to say, of heat inerements; and we 
repeat that it is a heneficent arrangement in the laws 
of nature as designed by an all wise Creator, that a 
hody or substance like water, which outers so largely 
und so universally into the operations of mature on 
the grand scale, and ins the thousand-and-one operu- 
tions and processes of man in his industrial work in 
the small yet to him important scale, is precisely the 
one which possesses the greatest aftinity for heat with 
one exception, and that one tho costly, comparatively 
rare, and seldom used metal known as platinum, 
which has more than three times grenter attinity or 
capacity for heat than water, Water, therefure, is 
chosen as the standard by which the capacities for 
heat of all bodies are measured, the standard having 
the numerical value of 1000 given to it, 


(12) © Varnishes” are so) very extensively and 
luygely used in the arts, that a note or two about 
their peculiarities and charneteristics nny be useful 
ton large number of our readers, A & varnish” may 
be detined to be u clear limpid fluid or liquid substance 
énsily and readily apphed as by a brush to surfaces of 
solid bodies, such as those made of the more valunblo 
woods, and when so applied dries rapidly and sets or 
hardens, so as to give a shining face or glossy sturfice 
to the hody or object treated with it, Whon set and 
hardened it should refloct and refract the rays of light 
aga covering of glass would—which substance is to a 
solid what a varnish ix to a fluid, While thus acting 
with light, the peculiarities of the surface to which the 
varnish is applied, such as the “ grain” or “ humour” 
of wood, are brought out and, s0 to xay, intensified, 
making them, and also all colours such as pictures, 
more bright and brilliant than they are without 
the varnish. A very goud idea of a varuisl and the 
effects of its use is gained by brushing or sponging 
a surface of smouthly wrought wood with clean clear 
water. So long as this remains a thin film of liquid 
on the wood seen in a strony Jight, all the effects of 
a varnish are produced. The following are the cha- 
racteristics of varnishes which should be simed at in 
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innking them. Not only beeausxe the free working 
of the varnish ix dependent upon this quality, but 
hecuuse its economical uso is atfected by it, a varnish 
should possess a high degree of fluidity--that is, it 
should tlow freely from and be readily and uniformly 
lnid on the surface by the brush. Tho practical 
importance of this quality is obvious; for unlesa it 
cin be dnid on the surface with the utmost facility— 
if it he viseous, or ne we enll it" xticky "it ix mat 
possible to xpread it over with that uniformity which 
lone gives perfect work, Uneven laying on. is 
simply oquivalent to giving thicker layers at some 
points than at others, so that: varying media are 
formed through which the surface beneath is seen, 
und thus ity shades or colours are in some mensure 
altered, and the bringing out ov brightening of these, 
which is one of the great objects of varnishing, is, to 
w greater or less extent, lost. Fluidity or readiness 
to flow from the brush and over the surface makes 
the varnish (he more economical in use, asa greater 
surface will obviously be eovered than if the varnish 
id viscous, or doos not rendily flow from the brush, 
The second desirable chamieteristie ina varnish is its 
clonmness or ibsolute transparence —its dimpidity. Kor 
just as the eloar limpidity of the water of a rivulet 
flowing through a rural district, remote from the dust 
and smoke soot of cities, enables one to see the shiny 
pebbles and water plants at tho bottom not only as 
clearly but even with their colours more brilliantly 
developed than when seen through the haze of a 
Hummer day's air, so a Clear limpid varnish not only 
does not obscure the tones and shades of the surface 
it covers, but actually brings out and makos them 
more pronounced and brilliant. Defile the water of 
the country brook with some solution which elouds 
Its Glenrness, or hive some ingrediont which his the 
kame effect upon the varnish mixed with it, and ites 
vale ius a varnish is lessened in proportion to the 
extent to which the debasing ingredient or constituent 
ix present. The third charactoristie whieh a varnish 
should possess ix rapidity in drying, From tho very 
nature of a varnish, if it does. not attract dust and 
particles of dirty or extraneous ination to a strfies 
on which it is laid, certainly before it dries it takes 
hold of and retains aay extraneous mutter which 
falls upon it, and entraps insects which alight upon it, 
and alse is subjected to the influence of certain changes 
in the atmospheres whieh will tinpair the brlliuney 
Which it is so desirable to retain when ane hii been so 
fortunate us to nike a varnish which vives this, The 
quicker, then, a varnish dries after it is once laid on, 
the more valuable it is, and the less care is requisite 
in protecting the varnished surface froin all eubstancer 
whieh are likely to fall upon it, or from atmospheric 
changes whieh may affect it. The fourth chiriclerintic 
a varnish should possess is its rapidity of hardening. 
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When a varnish is dry some suppose it is hardened, 
but the two properties of dryness and hardness are 
quite different, and therefore independent of each 
other. Hardness impliéx, and must carry with it, 
the solidifying of the ingredients of the varnish. A 
varnish muy bo dry, yet not solid. The value in a 
varnish of this property ixappurent. The fifth charac- 
teristic of a varnish is the capability to retain its 
valuable characteristics, To borrow a term from tho 
race-course or the hunting field, the varnish must. 
have “ staying ” powers—-a term indeed employed by 
painters in describing this important property. A 
varnish should keep its fullness” (anothor term to 
denote this characteristic) and show its brillinney after 
it is dried and hus become solid or hardened, and the 
longer it does this the more valuable it is. The next 
characteristic of a varnish is its  plassinoss ” or glossi- 
ness of surface, or, tts it is wore frequently designated, 
its brilliahey. 'Thig ix indeed implied in what we have 
stuted to be the genoval characteristios of a varnish. 
Unless a varnish be brilliant it fails to yield one of its 
most pleasing peculiarities, The seventh charneter- 
tatic of a varnish is ith elasticity—a property which 
enables it to give and take” with any changes or ex- 
pamsions wd cout racdions of the material on the surface 
of which itis placed, and prevents it from eracking and 
sealing off. This quality generally follows ina varnish 
when it possesses Che other qualities named above. The 
dighth characteristic of a varnish is its enpability to 
resist atmospheric agencies, the corroding action of bad 
air, gas-light eftluvia, ete, ote. The last. and the most 
Linportant of all of the characteristios of a varnish 
is 168 luxting qualities, or the length of time through 
which it retains all the good qualities we have named. 
This characteristic of 0 varnish, this durability, uolike 
the other qualities we have named, can only be tested 
by length of time; the other quilities may be tested 
by a few trials. Generally speaking, if a varnish be 
first-class in respect of the qualities we have named, 
it will be a durable one; always, be it nated, however, 
involving Chik fact—that it be not exposed to abnormal 
or unustial conditions, which are markedly unfavour- 
able. This involves care in the keeping of varnished 
objects, and in not exposing them to influences which 
are obviously inimical to them. In this, as in other 
departments of work, the quality of the materials, or 
the way in which the work is executed, or both of 
them, may be and are often blamed when the censure 
ix nlone incurred by carelessness on the part of those 
for whom the work is done. There is a mode, unfor- 
tunately teo frequently met with, of so carelessly 
treating and dealing with work which has been really 
conwientiously well done, as not to give what is 
suggestively called fair play either to materials or 
workmanship, One word in concluding, at least for 
the prevent. a subject possessed of much scientific and 
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practical interest ; and that is, on the importance of so 
choosing or selecting a varnish that it will be suitable 
to the physical or mechanical characteristics of the 
surface or material to which it is to be applied. It is 
obvious that « varnish which will bring out and 
enhance rather than deteriorate the natural features 
of one material or object will not be calculated to do 
the same office for another material of a totally 
different character. This, no doubt, involves the 
nocessity of thoughtful care on the part of the maker 
and workman in varnishes; and whore this is not 
given, he can scarcely lay claim to the title of an 
intelligent and clever operator. 


(13) In a series of notes in this department of our 
Journ we shall explain the special points connectad 
with the © boiling of water,” the “ raising of steam,” 
one of the most important of the practical operations 
with which the handicraftsmen of all classes are 
interested, inasmuch as upon steam depends by far 
the largest amount of mechanical ur motive power 
produced and used in this country, and which to na 
greater or lesa extent is used in nearly every branch 
of industrial work. Th the production of heat by the 
combustion of fuel, as air, the ordinary atmosphere, is 
un essentin! element, we shall have to consider its 
special characteristies ; and as the “combustion of fuel,” 
alinost universally in the form of conl, is the agency 
by which in prnetice we generate heat, we shall have 
iu the present series of notes to explain the charac- 
teristics of © fuel,” and the special points of * com- 
bustion” by which heat is produced and the raising of 
stem is ettected, (‘Che following paragraph and others 
vet to follow will tuke up the subject of Fuel.) Fuel 
miy be detined asa solid substance composed of organic 
constituents, which under ordinary circumstances re- 
mains unchanged by the air, but under the influence of 
heat of w certain temperature—about 617° Fah, or 326° 
Cent. for coal, and for wood 598° Fah. or 295° Cent. 
—combines with the oxygen present in the ordinary 
air, and which itself must also be heated to the aume 
temperature, “takes fire,” to use the common or 
vulgar phrase, or, to use the technical one, enters into 
“combustion,” and is consumed so far as the organic 
constituents of the fuel are concerned, leaving a residue 
known as the “ash,” which, being inorganic or mineral, 
ix incombustible, the ash constituting a very small 
proportion of the bulk of the original fuel. The heat 
necexaary to start combustion or © burning” in a fuel 
is in the first iustance applied through what ir called 
a kindling” or “lighting ” medium, a body in active 
combustion easily lighted; but when a mass of fuel 
is once fairly burning, or in active combustion, it 
produces heat high enough to light fresh fuel thrown 
upon it, and thus keep up or maintain combustion so 
Jong as freah additions of the fuel are supplied. 
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TECHNICAL EDUCATION 


IN REUVATION To 


THE PRESENT CONDITION OF OUR INDUSTRIAL WORK. 
i. 


CONTENTS, 


Valne of Graphic Tustration in Leehnieul Eduentton--Mie Druwitiges 
and Desiguad Special Feature of Tae Peehnioal dauenal Mo Mevuly 
Peenninny Advantages aceruing to Working Men from Tehniend 
Knowledge, an Important Point in Relation toa Pmeteal Work Like 
The Teehnieul dourmiles Value to Workers in Speeinl Uraueches of 
General Krowledge of other Departiieite of Pechuieut and tudus 
trial Work—Chitina of The Peek ead Jonran! wpon the Attention of 
the General Render -A Krowlelge of Tochuionl Work ate Tinportane 
Partofin Modern Liber Edneution, apart from the Tnherent fiterosg 
attached to it Nationally -Direet Mcuntary Value of Lhe Technion! 
Journal to Specint Classes of the Genera) Community —2he Leehnical 
Jonvnal as it appoule to Youth, and asa Pext-Book in Bletmentiury 
ath Advanced Schoola- The Gonaml Charactoristies of 4e Trekniond 
Jarrad <Gerouping or Classifying the various Hranehes of Teehniont 
und Thdustrind Work, 


Value of Graphic Illustration in Technical Education—The 
Drawings aud Designs a Special Feature of ‘‘The Techui- 
oal Journal.” 

To another feature of permanent practical value we deem 
it our duty specially to draw the attention af (he reader, 
While the principles and practice af the various techie! 
trades and industrial processes will be explained li a wide 
variety of facts drawn from practienl experiences, it is obvieus 
that, dealing as oinany oof them do with, and dependent as 
they are upon, principles of those oseienees upon whieh 
geametrieal and natural forms, constructive details, and 
mechanionl arrangements of all kinds are based, the aid of 
erapiile tlusteadion must af necessity be called in, Where so 
many problems are to be solved, so mueh oof form, shape, ar 
configurnation to be shown, so mueh in the way of mechanical 
constmetion amd aerangement te be explained, the work of 
the draughtsman must be given to aid and largely supplement 
that af the deserther or writan. Without drawings, tndecd, 
written deseriptions would obviously be useless There ure 
many ariistic and decormtive forms and inechaniea) and cvon- 
structive bodies whieh could not poasibly be understagd hy 
descriptive words alone. however full and clearly stated : while 
if some are capable of being explained ino some measure by 
words only. this explanation would tu the preat majority. of 
readers be so obscure as practically to De of litle value te 
them.  fropressed with the importance of Uhese eonsiderns 
tionk, and having the advantage of a wide and thoroughly 
practical expertence of the sabjeets Created, the conductors 
and writers in their varied departments have paid special 
attention te the department of ILLUSTRATION, The hest 
evidence of this will be met with ju the pages of the work ieelf, 
Itisuet in the language of a prospectus, whieh is sometimes 
apt to be overstrained or exaggerated. but is the simple state. 
nent of a faet, when we here state that these pages will 
display, in their campleted conditions an amount of iluetiae 
tiun which, if it has ever been before equailed in precediny 
technical or practiow] literature, hab mot bean vrestiv. if ever 
it hits beets, oxeellod, 

But itis not merely in the fact that the illustrations will 
in mere number de great, that the value of this departinent 
will lw displayed. This will lie qs much, if net inere, when 
their positive value is considered. In this that avery large 
proportion of the sublects will got he mere designs, but will 
possess all the practical value of werking drawings and lines 
applicable ta nearly every bianeh of techies) work, For a 
long s ries of months a staff of thuronghly practical designers 
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have been engaged in the production of technical working 
drawings, specially arranged fer the purposes of the work, 
The result of these labours will be seer im Ghe many hundreds 
of THustrations with which tt will he enriched, 


The Merely Pecuulary Advantages accruing to Working Men 
from Technical Knowledge, an Important Pointin Relation 
to a Practical Work like «The Technical Journal." 


The publishers betiewe that it is impossible ta overestimate 
the advantages whieh a work, enrricd out om the Wues to 
Which the condnetors have given careful Tete t, Matist possess 
to all those doterestod an the provresa qd: thee future welfare 
of those technical trades aud industrial Processes tpen whieh 
Our maddiorsnal Prosperity fu) ubwhously depaeteds, Nhe ner 
peenniacy advantages aceruing: toca techoieal worker frout a 
knowledge of the principles upon whieh his work is teased, 
and how best to apply them Co its practice. is a powt whieh 
mist tot here te overlooked. Tis werthy of specignl tote 
here Chat ai Knowledge of design usinge thas terian duc its fittest 
and Widest sense, as dneldiia Me ability to dia ds neeossaey 
ih almost every braneh of teehnieay trade and: duchistiay. ft 
is itiendt Gndeed to omame the vague of this haowdedee gus 
directiy and: pecuniary iafhieneing: the techuibet career of 
the workinan. Hohe be ainahitions to caeeupy a high: position 
in his eulliny for his ability im desman whieh uaturally 
luads to and greatly helps his skill in coustruetion he tiust 
thoroughly niaster (he principles of design in the conetructive, 
nechanient and decorutive arts, Porthos abitiey tate didiead 
eduention dies at the very dase of all proseress without ot 
none ean be qaade, No dombt it mmiy be sce thot the abdlity 
fo design ar te divent, ua dess thiaa the haredieralt shill te 
COUSEMET, THAY Dore Dorat y proses] hy magh Who ds ol sdyeptevd 
highly notin port oof fact, educated oat all, maeanine by 
this term the possession of the ofdingry adh even ob some af 
the higher branches of acquired Kiowledge, bait while this 
eunnot be disputed. it is easy enough to perceive that, valuable 
ns these faeultios are. even ain the ease of the moneed ated 
Mn there value would be greatly inereneed, fea them he 
could add the powers whieh weqiuired: kneowlerkec a? trite, hiv 
is scientific design, would) piste: tim, ‘To those whe will dot 
coneede this, to those who believe Chat qdacutton or thie pics 
session af aequired knewledye: tins not trac qaactiead or 
money value. what miedit be HAD at Die SIapert proeseeste tin 
interest, Wo shontde bee udaed Inddecel PF it weld peadly een viele 
fhem, for then some: benefit would) flow too themselves bran 
their apxiety, But we may very reasonably conciude that the 
renders we are now addressing do ueat bela ta the oanfor- 
tunAte Category i ee TLE rey hh, eereany Hit 
pecuniary or trade value sattipe bien) ter feeetatpetah haaeawedeudpens 
based on soul because saientitie puineiples, Ror it may be 
safely aeemed that their very ready: of thee piages pres 
KU PSprobes theip clesire tee Tedere meme ttaltest, we bated. they de 
nat require to be eanvinedd af the benctits - tires y Pee nee 
es they int seanee of Tiel Aspens lape mana Prom te pss 
were jet) wf anyuired bersease feccduer besardna ‘aprah their teegutsre cal 
eallings of tindes, Thue the very ain of our work te impart 
this knowledge. 

Tee conduerape fees I, therefore, that they are fairly ei titiead 
teelanh for the work, of which the foregoing gives Dut some 
of jte many features, a practical valug of a specially imnpeatane 
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elarneter, It will serve the bighty usefal purpose of giving 
in-elear and intelligible Laneunee, aided by all the fulness and 
completeness of craphic illustration elsewhere alluded to, the 
praties! details of the Jeading handicrafts and trades with 
whieh the industey af min is eoncerned. They are also pres 
pared tedmedst upon this that it will give to those aetually 
waned dn the various branches of industrial work f& positive 
power calenlated directly and iminediately to raise the value 
of them owork, Hf owill thas condnee to these pecuniary advan 
toees whieh Tt isthe levitiuinte ambition of all te obtain from 
their iabour, And todo Chis something is pow wanted, more 
Hah what the requirements of former times demanded, Then 
we bad the practical aonopely of the trade of the world, and 
owns considered enoneh if the worker could turn out the 
products of bis trade perfeet as mere exinples of handicraft 
rhill, Put while this is still, and always will be required, and 
While there ts every renson to believe that we shall in this 
respect rivintain the position we have secured, -nevertheless, 
Ioweaire Toomiintadn our stipremaey tis the producers of the 
world’s “poods,” something inere ds wanted than the mere 
shill of the hand, Tt is neee sony now that our workmen 
hhinll, in addition (0) the possession of this manipulative 
dexterity, adda thorough Knowledge of the materials in whieh 
thes work, their capabilities aud possibilities aud more than 
this, an equally complete mequaintance with the principles 
por whieh thei work is based. and of those typon whieh at 
isclesivned, ‘Po the mere skill of the hand, for which we dive 
Peet oso dome amd so deserveddy eelebrated, we are required 
nav, by the demiumds of the new times we live dm. te add 
the Knowledge of the head. Poo practiee we iist mow add 
sence. for df ds hat a oimere opinion, bat astern fact, Chat for 
lack of The higher elements of Knowledge, same af our trades 
have already suffered: severely, and anneh oof their paying 
Dustiess Tas beer taken up by forenn competitors, Tf these 
have not ns yet produced work so well made as oar bands 
craftsmen taiwe dote, they vet haveexeelled us din the higher 
Tranehoes of ae knowledge of selentitie principles, and) especr 
ly thbedwa, Amd we dave seen Chat the misin certeiment 
fo the movement, of whieh every one has recently beard 

namely, the estublistiaent of teehmical colleges, tistitutes aud 
Chisses, havtige fer Chea objeet the teaching of ota working 
meno the hapher Tranches of woth—is this very cireum- 
ehaneeof the serious nature of the losses incurred by eertuin 
GP oour thides, th consequence of our workmen Hot possessing 
theosuine dither Kuowledso whieh dt fis been the aim foros 
Tom sctins of vents of dmamy Continental countries to aie 
ther wetkinen. Thais thas trac, desond all) doubt, Chat if we 
tre to held cur ewn, eur workmen must determing that they 
Atleast shall er fat te neque that hnowledve which 
nastied ly pays directly and undireetiy. And itis as bein se 
Well euteuiated tec give them oa direet: Telp te this, that we 
Charm forceur werk that high position whieh eatries wath tt a 
praecioat vatue tn directly advaneing the pecuniary iuterests 
Of those who eonsnlt its paves, Tt las ever been the truth 
tliat se Wweerkiaan who Krew most aebvaricqel Che nics tekty 
In the reeerptoof daeher wages, amd te that improved socral 
Position whieh os abways the reward of ticher pay qudieiniely 
Whe Wisely expended, Mat hitherto these? knew men” 
have been but rarely qmet with) eertaindy they have formed 
hat aosmall perconture af these engaged in industrial work, 
Thes are, however, Gaily on the unerease, and just in propor. 
tien ons Choir ninnbers inerease, se will the value of our 
national werk dnerease alsa, and it. power to meet with 
fowtlesstions, because it will tecathe to meet with steeess, the 
competition of peoples other than ouroown, from Whatever 
quarter of the ch be ag Tras eene, The best thinkers anion ist 
us are clearly of opiuien chat we have nothing te fens from 
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foreign competition, if only our workmen will decide to know 
the best—-aned this the most—of which thelr work is capable, 
To do this will doubtluss demand study, and a saerificee in 
suine, LE not indeed in many, ways. But we are of those whe 
believe that this study will be readily given, those sacrifices 
cheerfully made, And this hope we base upon our knowledge 
of our workmen, Who have as yet ever responded to all appeals 
to rise to the dignity of appreciating the dinportance of all 
positions whieh closely affected their interests, And this 
appeal comes ty them fortified by one of the most vital, the 
gravest indeed of considerations, affecting as it docs, if not 
the very existence. assuredly the money-making value of their 
varied cuailiugs, 

Value to Workers in Special Branches of a General Knowledge 

of other Departments of Technical and Industrial Work. 


Bat it is not enough that our workmen should thoroughly 
know the materials upon which they are employed, and the 
peineiples upon whieh their work is based and designed—in 
brief. that they should know all that their best interests 
deanand them te knew ahout them cduily calling. It is also te 
large extent an essential) part of thei training in the study 
of the home that they should know, if not thoroughly, at 
least a good deal about the work done by their fellow-work: 
wen. While the workinan will make, as he ought to make it, 
his first dury to master the fall details, both iu principle and 
practice, of his own calling, so that he will become a valuable 
“speciilist.” worthy to reecive the highest wages of his trade, 
he will, if wisely making the most of his opportunities, devote 
some time at least to learning what other workers are doing. 
nod What are the peculiarities of the practice aud the leading 
yecints of the principles upon which their work is based, Jt 
fon crevous inistake to suppose that any trade or ealling ean 
sield ne dantoradYerd ne help to another, Tf space and the 
preseit prgee perantted, We cold elte Mimerots Tistadees 
Where one Worker has derived hints of great peeuniiurs valie 
fiom oanether. Amd this dias frequentiy dagppened: although 
lie poouliavities of the two trides were such, amd so dissimilar, 
thatat direst sightat would have seemed right tu conelude that 
thane auld neat possilily wive dy deiut ar helt at STAD value te 
the other Butomore thin thts can be suid din favour of the 
Wider study we tere tefer te, Mor it eniarres the tind, and 
sthohathens diel imvigerates the thioking fheulties. and be- 
vond all question it places the man upon that hither platforus 
Which the possession of varied attahuments always gives lin, 
“Teor everything veu ean. my boy, said a sage and most 
siiecessti tuahoof business, oc Youomay mot pet an immediate 
fee for dt, bot tt costs nothing to garry with you wherever you 
vealed the place and time will ainiost surely come, when 
yeu Will tind that dit will be useful and pat money im veur 
pocket. Gain oxperienee fill your head with Ruowledge sit 
Wilh help wou te dl sour prec. my tev” 


Claims of '' The Technical Journal '' upon the Attention of the 
General Reader, A Knowledge of Technical Work an 
Important Part of a Modern Liberal Education, apart 
from the Inherent Interest attached to it Nationally, 

tous paartivo in this, but elieths dn a amore direet way. that 
we cui fer eur work a further and a wider utility than we 
have vet named for it, We refer here ta its value as abe ck 
ut spe Dnt Hseful reference to the General deader, who mar 
yet net be dicctly commected with any of the branches of 

Work of whieh dts paures give a special treatment. The desire 

for Kuowledye of all hinds has been sueh a marked feature of 

uate Seats that vultivated men are expected te have at least 
sone hnowlatve of the arts, sciences, and trades, Which have 
nitistenal eo powerully te omr national greatness, And ty 
those Whe posacss something more thag a asre pagsing 
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‘acquaintance with their details, and can give when required 
something of an authoritative opinion upon them, a position 
in society is accorded which denotes the high valuc it places 
upon knowledge of this kind, and which, while it is gratifying 
to, is deservedly gained by, ita recipient. And it is moreover 
nowadays very hard to say when a man may be placed in 
such circumstances as may give this knowledge a direct 
pecuniary and business value. 


Other Directions in which a Knowledge of the Details of 
Industrial Education is Useful.— Masters and Managers. 
No doubt the actual workers constitute the greater factor 

in the question of industrial education, as they form by far 

the greater number of individuals interested in the maintenance 
of what is called “ good trade," But they are not the only 
members of the community who are interested in this matter 
of vital importance to us as a people. The masters have an 
equal interest with men in the right solution of this grent 
question connected with it~ namely, how best and most quickly 
to carry out a scheme or system by which we shall retain the 
trade we at present possess, This dual relation of the two 
classes, the employers and the emploved, must not be lost 

Right of in considering the details of the general question. 

And although it will be gained in a different way, and be 

arranged upon different lincs, the fuduatrial education of the 

employers, or of those who. yet young, are likely to be sueh 
when they have entered on life, must be earried out as 
carefully and energetically as the industrial education of the 
employed over whom they are placed. These will act and 
react upon each other, dependent upon the way in which the 
dual relationship is maintained, either for good or evil, It 

ix folly to suppose that, if simply let alone, this relationship 

will somehow or other simply adjust itself. And if edneation 

be insisted upon as essential to the workers who are led or 
directed by the masters or eniployers, surely education — is 
required by the latter also, 


The Relation of Masters and Managers to the Great Question 
of Industrial Education. 


In one sense there ix no class so deeply interested ino the 
details of the preat question of industrial education as the 
musters, for their pecuniary responsibilities are simply enor 
mous, and with them a retention of such trade as we at 
present have is simply a matter of the highest necessity. lor 
this question of foreign competition this “terrible battle of 
competition,” as lrofessur Huxley, the eminent scientist, calls 
it- is. to use his words, “no transitury phenomenon, and docs 
not depend upon this or that fluetuation of the market, or 
upon any condition that is likely to pass away.” So potent 
‘is this condition that. in the opinion of the same eminent 
authority, who is not likely to take other than a calmly 
dispassionate view of the case as it stands, we are only saved 
from a social catastropbe- the impossibility of feeding our 
vast industrial population-~" solely by our possession of a fair 
share of the markets of the world.” And if this “fair share" 
can be maintained if wot solely, at least largely by our 
workers having a higher knowledve than the great majority 
of them at present possess of the principles upon which their 
work is based, and a greater degree of intcllectuality generally, 
surely it is unnecessary to dwell here upon the responsibility 
which rests upon masters, and in another but still important 
direction upon managers, in the matter of becoming acquainted 
with the details of the industrial education which is to be so 
necessary to those under them, and the relation the system 
bears to themselves, who have all the administrative and 
exccutive work of factories and workshops devolving upon 
them. | 
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A Practical Acquaintance with the Principles aud Details of 
Industrial Education Essential to Managers of Industrial 
Concerns, 


Tt is impossible to overestimate the value of good admini- 
stration and the good management of a large factory or works, 
and the difference between the two must bo noted: it is one 
thing to administer, another to manage. And although the 
work of administration. of arranging the system of working, 
kay. ina large apinning mill or a manufacturing concern, and 
of afterwards mauaging it—that is, secing that the details 
of that aystem are carefully carried out—i« often done by the 
same individual, it by no means follows that the talent for 
designing or planning, so to call it, of the system, and the skill 
in looking after its details, ao that they be done in) unison 
with it, are identical, A man may have skill enough to make 
a machine well who could not move a step towards the de- 
signing of it, nor have the talent. to invent it, So a man may 
not have the talent, the experience, the far-seeing capability 
to provide fora variety of possible contingeucics to devise a 
system of working, yet: may have the necessary qualifications 
to see that the people employed in carrying out its work shall 
do this in the best and most economical manner, On the 
other hand, a man may have the talent, of designing, thinking 
out of a scheme, of perfecting a system of administration, 
and yet fail in those habits of action, of feeling, of tact, which 
goto make up a successful manager of men and of materials. 
It is not adiffieult thing to find within the ranks of business 
men, those who like and have the aptitude for the adinini- 
strative, yet do not at all take to the executive part of work— 
and this not seldom from their idiosyneratic dislike to have 
close personal dealings or relationships with men, from their 
ignorance of thelr habits, modes of thinking: and of acting, 
a8 well as from their ignorance of the tiner details of actual 
working of machines, processes and the like, What a vast den 
or Jarge amount of the success of a concern depends both 
upon its administration and management ; and of the two, if 
one ix more important than the other, the more important is 
the management, Indeed, the difference hetween a concern 
Which isa success, and another the reverse of this, ik generally 
the difference between good and bad management, not that 
between a good and a bad administration or system of working. 
A great many qualities must be combined to minke a good 
Inanaver hot merely a general knowledge of the machines or 
processes whieh form the work of the concen over which he 
presides, but a thorough acquaintance with the principles upon 
which these are based, with the materials used in the work, 
and with the market or commercial points connected with them, 
But a still wider, and in many respects a higher, certainly 
a more difficult, range of dutics awaits the manager in- his 
endeavours to be a thoroughly competent and a sucecssful 
one, These dutics He in relation to the « hands,” the men 
with who he tas to work and who have to do tia work, 
This relation tests a manager much more erucially than do 
points more closely connected with the actual work. And 
if a suceessful manager were asked what part of his work 
occupied the most serious of his thoughts, demanded the most 
anxious of his cares, gave him the most difficult problems to 
golve, if would not, we venture to affirm, te the technical 
department of hia work, but the management of the jianids. 
and the various details of this diffeult, department whieh 
would occupy the major portion of bis reply. Jn this depart. 
ment many qualities are demanded from the manager, some 
of which are not always combined in the same individual, but 
have to be acquired by long and patient practice from the 
lessons of a sometimes painful experience, For ite chief 
difficulties He in the fact that that singular factor in life 
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human nature—has to be dealt with. The most complicated 
of mechanism or of processes, the most refractory material 
with which he bas to deal in carrying out the practical work 
of the concern, ia facile and casy of management compared 
with the ever varying, always morc or less puzzling individual 
characteristics of the “hands” over whom he is placed in 
authority, and upon whom he is of necessity compelled to 
depend in getting the work of the establishment carried 
anceeasfully through. net, prompt decision, firmness of will, 
yet. a thorough kindliness, which takes cognisance of the 
Kymputhetic, the human side of the men he deals with ; high 
morals, and a stern sense of justice which will carry with {t 
the conclusion that his decisions will he characterised by 
the quality so dear to Knglishmen-- "fair play”: all these 
attributes and qualities will find in the details of a large 
concern a wide field for their exercise, And although much 
of the knowledge and many of the qualitics essential to the 
making of a good manager can only be Jearned by the actual 
practical training early begun and long prolonged through the 
daily work of a factory or workshop of the same kind of which 
he aspires to be some day a successful manager, still such an 
one, aiming at so useful a life and work as this, will beyond 
all doubt derive much benefit from the results of private 
atudy, The writer of these lines has availed himself of every 
legitimate opportunity to point out the importance of what he 
deema to be a valuable practical truth-. namely, that, apart 
altogether from the detaila of technical education as they 
concern our workmen, & Vast amount of the future of cur 
manufactures depends upon what during the next few years 
will be the action of the masters, the heads of the concerns, 

this term being used here in its widest acceptation, as including 
managers and the higher elaas of foramen, And this opinion 
the writer hae formed as the result of a fair amount of practical 
knowledge of the class or classes, and of what has been and 
what ix now the position they oceupy in relation to the 
practical work of our industrial trades and callings, Some 
practical knowledge also of the working-classes, the * hands" 
of foreizn countries, has in this connection led the writer of 
these lines to the conclusion that the workmen of this country 
have no great if indeed any reason to fear the competition of 
their felloweworkmen on the Continent, No one whe, like the 
writer, Las an actual acquaintance with what some of the most 
Mportant departinents of industrial work are, but must have 
been struck with the difference between the workmen of the 
Continent and those of our own industrial concerns, Some 
huthorities who, from their experience of the actual circum. 
Ktanees, have certainly a right to give an opinion on the 
subject, maintain that a British workman ia quite equal to 
two German workmen-taking this nation as representing if 
not the keenest certainly the ablest of the foreign competitors 
with our trade. While we might hesitate to indorse fully this 
opinion, there can be no doubt in the minds of those who 
know what the two classes of workmen are, and what the 
quality of the work they respectively turn out, that the British 
workman is far ahead of his German competitor, We might, 
did apace permit, run over a number of facts in proof of this ; 
but to one department we may confidently refer as affording a 
striking proof of the trath—that is, the department of machines 
making or general mechanical work, Here, bevoud all dispute, 
the British machinist occupies a position so far ahead of all 
his competitors, that it will be wholly his own fault if he 
allows them even to approach it, All this is true of the 
relative position af the British and the Continental workman, 
und is corrobertive af what we have above atated—namely, 
that while the British workman bas apparently leas to fear 
frony Continental workmen than some seem to have con- 
eluded, this is not true of the British masters and managers, 
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It is fast becoming a conviction in the minds of the far-seeing 
amongst our practical authoritics, that the real, at all events 
a very preat, danger lies in the fact that they—the masters 
and rmanagers—will fai) in the kcen competition with their 
brethren. We believe that a full investigation of the po ition 
in this country would go far to show the truth of this,- The 
Royal Commissioners who were appointed to inquire into the 
condition of technical education in this country and on the 
Continent seem to have been most deeply impressed with 
this department of the genera) question, as will be seen from 
the following extract from their report, to which we beg the 
earnest attention of our readers. The Commissioners say that 
they ‘cannot repeat too often,’ so impressed have they been 
with the vital importance of the subject—they “ cannot repeat 
tuo often, that they have been impressed with the general 
intelligence and technical knowledge of the masters and 
managers of industrial establishments on the Continent. 
They have found that those persons, as a rule, possess a sound 
knowledge of the science upon which their industry depends, 
They are familiar with every new scientific discovery of 
importance, and appreciate its applicability to their special 
industry, They adopt not only the inventions and improve- 
ments made in their own country, but also those of the world 
at large—thanks to their knowledge of forcign languages and 
of the conditions of manufacture prevalent elsewhere.” In 
other directions Continental masters and managers are ahead 
of the like class with us. They are ahead of us in the way in 
which they find out. new markets for thelr goods, and, what is 
of equal importance, in the way in which they adapt themselves 
tothe habits of the people they trade with. The Commissioners 
on Technical Education note with high approval their pains- 
taking, their plinncy, their grenter thrift, and their cultivation 
of modern Ihnuguages and of cconomi¢ geography, as elements 
in the sucecas which meets the efforts of our Continental 
competitors, We have thus clearly shown the importance to 
misters and managers of a knowledge of technical subjects, 
While the young manager, therefore, is careful to acquire all 
which a painstaking practice will give him, it will be well if, 
while be is passing through the years of his early probation in 
the works, learning all which will be of service to him when 
he assumes the office of a manager, to which when young he 
aapires, he bears in mind the truth of the saving of n great 
and suecessful man, himselfa splendid example of the effect 
of careful training aud of dane study, that “all knowledye 
ies hid in books,” And although these pages would be the 
last in which book study would be placed as first in import: 
anee, to the exclusion of that practical training in the workshop 
or factory without which technical or industrial education 
would be practicnlly useless, still it must not for a moment’ 
be forgotten that the knowledge which does He hid in books 
is the basis on which all practical work rests. by which its 
principles ary exposed, and in which its best work is recanted, 
The knowledge which lies bid in books is simply essential to 
the man who wishes to be thoroughly informed in all depart. 
ments of industrial science ; and in a work ike the present, 
whieh ts specially designed to be a guide for home study, 
embodying the principles upon which the best practice is 
based. it is scarcely necessary to say more as to ite importance. 
To such, then, who are looking forward to be managers of large 
industrial concerng, the conductors of the INDUSTRIAL NELF- 
INSTRUCTOR FoR HOME STUDY venture to believe that, although 
not prepared with direct or special reference to them. still, within 
the range of the subjects it treate, ye small amount of knowledve 
useful to them will be found: ¢.y., in this present paper, and in 
those entitled «The Workman as a Technical Student.” * The 
Intraduction te Mechanica,” "The General Machinist.” © The 
Ornamental.” « Machine.” and “ Geometrical Draughtsman,” 
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THE ORNAMENTAL DRAUGHTSMAN. 
His STUDY AND THE DISRATLS OF ifs PEACTIOR, CHEBELY 
IN ORATION (‘tO JT BCHATCAL WokkK iN MANGE AG 
Trang DESIGN, 


CHAPTER YV. 
Recapitulatory Rumarks on tho Foregoing Elementary Lesson 
in Straight and Curved Lines, 
Loroous, before dismiasing these early or wither 
carliest lessons of the young ornamental draughts- 


Fip. 


Iman. pass briefly in review what we have already 
secomplished. The result may be stated in few words, 
Tie pupil ean now draw a straight dine, and he ean 


‘ 


-~ 


10) 


What has at any rate something of importance 
vbout the art of ormamental drawing, Let the pupil 
eonsider that the appliention of these two classes: of 
lines -the straight and the curved are practically 
Infinite, From the endless objects of nature down to 
the slightest carving of the ehair on wlieh we are 
sitting, does their power of expreasion range! Every 
cliss and style of arehitectural work -— gvptian, 
Greek, Homin, Moorish, British, Classienl, Cothie 


’ 
ah, 


or semi-savage, with their infinitude of 


tien - 
lines | 


areal] representable by these two species of 
Inu word, the whole temple of Ornamental 


draw a curved one, Now. as these are the only dines 
possible -for an irregular dine ts bat a combination of 


atruight or curved lines, or both—he has nequired 


Drawing is now open to the pupil, and le dias with 
hitn a key which will unlock its doors and admit hin 
to its apartinents, however seemingly dissiuilar they 
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may he. This labour of his has uot been in vam, 
Rather in truth has it been essential Bor it) has 
given him oa potent power, with only the trifling 
inconvenience of strugvling and disappointment and 
aecusional downheartedness through which he has 
gone, ‘The healthy working influence of this whole- 
some “drudgery oor apprentice work ” he has gone 
through will be felt’ during the entire course of his 
untistic career, and it will be with something of satis- 
fuetion that he is able to recollect. that he had the 


Fie, 


wool sense to“ begin at the beginning.” and do its hard 
work patiently aud with a thorough detertuination to 
doit well, 

Do not, however, let hin delude hiniwself with Che 
notion that he das accomplished everything required 
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the dexterity of the hand, which must mainly guide 
him. In the examples which will follow in’ sue: 
cecding chapters, he will find a much fuller develop- 
ment of the instraetions which have been atready 
laid down, And these examples we commend to his 
careful consideration and diligent copying, both as 
specimens which will afford him good practice. and 
as excellent initiations into the purely technical work 
of ornatnentation, The student will find the leading 
specialties of ornamental art, or the applention of 


2h. 

ornament to the vanous branches of art manufacture, 
discussed in the paper under the head of Porn 
and Colony in Tndustrial Decoration.” and in the 
papers supplementary to this, which take up the 
subjects of “ Ornamental Work in Wood, Stone, Terra 


( 





Fig, 20, 


to make him oan able ornamentist, We has simply 
begun to Avoes and although he has an aceuraite 
Knowledge of the alphabet of the art, and ean form 
Its letters into simple words, the boundless tield of its 
diversitied literature, so to say, stil needs: exploring. 
Tose the ilustration before given, we have placed 
bhe pupil on the threshold of a splendid temple, and 
handed him the kev of ait, It is on himself now, 
principally, that the work of progress must fall It 
in his own powers of observation, aided as these niust 
be by the cultivation of the accuraey of the eve and 


Cotta, and in Tron,” and in that which takes up the 
subject of Mouldings,” 
Bubjects for the Student to Copy. 

We have Just stated that we should give various 
drawings which, as examples, will he necessary for 
him to master in order to give him that faeilitw: for 
“copving " which is the first essential ino designing,” 
But those drawings which we now proceed to place 
before the pupil, while they have this essentially 
weeful purpose. are prepared with another wew— 
nimely, to communteate to him a knowledue cf the 
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leading characteristies of the chief styles of orna- 


mentation. 


The whole have been carefully designed 


and prepared specially for the pages of this work, 
And this inueh at least: may be sad for theme: that 
thev are the onteome of such practionl experience its 
is likely to be obtained from the work of a lifetime 


devoted to the teaching of design, with special 
applieition te what is now widely known as Art 
Manufieture, 

The lines which the student due hitherto drawn 
were What might be called elementary lines of erna- 


ment. We shall now proceed to draw “ form,” or 


>) ] 


apply the lines to the shapes of objects. The tirst 
Issa conventional form of a leaf (fig, 23), After draw- 
Inv the shape, making both sides equal, the student 
will then earefally draw the veins, and balanee them, 
miiking both sides equal: this is very essential, 
Following the last figure, (he student will draw very 


pa 


arefully this Cypro-Pheanieian wine cup, in fig. 


itis drawn the same size as the origina, from a ev 


nude three thonsand years ago, 


¢ 


Three 


heerve how the lip turns in, to prevent spilling. 


will 
Wi 


mfancley! 


have aleawn in fig. 25 the seetion, in order that) he 


might see the inside shape, us well ous the outside, 
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THE DOMESTIC HOUSE OR HOME PLANNER 
OR DESIGNER. 


Ti Work oF tre YouNG ARCHITECT OR TULLDER IN THE 


GHAPTEN TIT. 

Storing Conveniences ¢ssentind in 
avery House.” we ended our last chapter by stating that 
if we will persist in building houses without convent- 
enees tending to minister to habits of order and whit 
ix called tidine-s, if is folly to expeet their occupiers 
to he orderly oy tidy, We were about to say that 
it, ix not ensv to be tidy when no menns to secure 
tidiness are at diand; but the teuth is, that it is 
rnctieally imposible to do xo, Que cannot, like 
ni Mahometan, wash with aaake: believe soup und 
invisible water, We onay talk long enough as. to 
the value in every household, however awenn or 
poor it may be, of putting everything in its proper 
place: but it surely takes no great degree of wisdom 
to know that this cannot be done if there be ne 
place provided for the thing to be put in, And 
vet ow frequently do we meet with cases in whieh 
itis bute too obvious that if this modicum: of wixdom 
Wits possessed, If was nob at all events qnuade available, 
xO faa us the plan of the cottage gave any evidence, 
Tt may be well enough to talk of improvement. of 
the habits of the lower orders, as they are perhaps 
somewhat too complacently called, but it is anueh 
better do see that we aetually do provide them with 
the menns of improvement. Does this all come about 
beentise ¢0 talk is so muel easter than to do, or is 
it heeause talk of this kind is pleasing to our vanity ! 
Possihly this last. qaasinueh as it iinplies that) we 
who denounce the home habits of the poor anust, 
therefore, be ona mueh higher platform than they. 
Cortainly we have been for the dast fifty vers at 
lonst, indulging in much talk, both on platform and 
through the press, as to the essential importance of 
what we ed) sanitary improvements, and veto live 
done practically so little imo securing them that we 
have seaeely begun even the simplest of its work, 
Tlundreds of cottages and houses of the same class 
are being built) every year, each one of which is 
charneterised by oan almost, seme indeed by an 
nbsolnte nbsenee, of all these conveniences tending 
to promote that tidiness of home habits we talk soe 
much of, and profess to be xo anxious to see universally 
carried out, 

Absence of Working Conveniences a Characteristic of even 

High-class Houses, 

We have said that this deticieney in house aceom- 
modation as regards what are known as “ convent- 
enees” and whieh are absolutely essential to the 
nitiuinment of home comfort and ceonomically done 
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household work, is chiefly observable in houses of the 
lower classes, Tout it would be quite a mistake for 
the render, whom we suppose to be at present vome- 
what ienawnt of the subject, to 

deficiency does not exist in houses of a very mugh 
superior class. Even in the case of middle-class 
houses the convenionces are supplied only in’ the 
uinimimn way. There mav be a few eapbonrds 
provided, which may serve cither as places for storing 
away dishes, ete, when they are in the lower or 
working routs, or in the case of the upper vooins as 
wardrobes, But these cupboards as a rule get made 
simply because the very construction of the house 
compels, us it were, such to be aide or provided, 
We refer to the places ov veeesses for such eupbourds 
formed of necessity by the projecting jambs of the 
firepliuces, which are so often met with in houses of 
the middle classes. So often met with Chere, fais: 
much asx it is more expensive to contrive the wills 
a0 that the projections demanded by tireplaces shall 
be, so to say, concenled within the wall—thit is, the 
side of the room in whieh the fireplace is shall have 
no recesses one each side of the fireplace, but be of as 
uniform or unbroken a surface throughout its extent 
ag any of the other walls, 

Use of Fireplace Recesses as affording Spaces for Storing 

Convoniences. 

The recesses formed ino so aminy of the rooms of 
our middle-class houses, and, as it were, maturally 
provided, seem, x0 to say, to suggest as mattiually thot 
the best way to utilise spaces which go back from the 
general floor of the rooms is to fill them up) with 
shelves, Which will hold something. And this use of 
the spaces isso exceedingly obvious, that only the 
most qureless of house plimners and constructors would 
pass them by and leave them just as they naturally 
we, Some, however, do,---we should be within the 
mark when we say that a great iany do, --and very 
hard indeed is it for some tenants to persuade their 
lnndlords to give them the extay couventences which 
such recesses would afford if titted up with shelves, 
either left open, as in the case of a sitting-room, to 
net as bookshelves, ete. ete. ov enclosed with a deor 
or folding doors, so ius to wet us close cupboards, in the 
aise ofa kitehen, We shall see afterwards how these 
recesses May be utihsed, and so utilised as to athord 
objects which in a simple but effective way will add 
much to the decorative attractions of the room, This 
point, we regret to say, is by no means often thought 
of even in good houses of the middle classes: all that 
is thought essential being to leave the wall surfaces 
ax bare and bald as possible. 

Special Olosets or Storing Conveniences Necessary in Houses, 

But in using such recessed spaces as affording 
householit conveniences In the way of giving places 
for storing up aud putting things away, some house 
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builders seem to have exhausted all their planning 
ability in this direction, And this not seldom, if one 
may judge from the fact that in a goodly number of 
the houses which they have planned and built, not a 
single closet, even of the smallest, has been arranged 
in their plan which could be used as a store for 
any one of the many clisses or kinds of whut are 
called household stuf! or gear, which every house 
As for a “dander,” or true “store closet,” 
properly situated inn part of the house best caleu- 
lated for convenience, and for keeping eat und 
provisions in good condition for ns long « time asx 
possible, such oa contrivance seems to be utterly 
hevond the thoughtful or inventive capacity of some 
houxe planners, Tf to design a thing dnplies thought 
as to the purposes for whieh the Ching is wanted - 
and this is assuredly whit design is--then such hose 
builders and planners have but little, if indeed they 
live any, chun to the title of house designers, 
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Convenient Arrangement of Btore Closets and the like, 
Essential in Houses, 
/ itis essential, then, inorder Uhat household comfort 
he secured, that every house shall have not ierely 
such aeeidental conveniences as cupboards tixed in tires 
place vecesses for necidental, in a measure, we dave 
shown them to be -but specie plaves or apartincits 
purposely arranged, And these must) be in size and 
in naber proportional to the size of the louse, This, 
therefore, makes the rie applieuble to the suadlest 
house, in whieh comfort is just as necessary as ina 
larger one. Batoit is not only neeessnry that such 
plices be provided ju every house, however sinall, it 
is equialy essential that such conveniences be eaurend 
ently plac. AY not, they Jmve no ren right to be 
considered convenienves at al For the work of a 
hose has to or should he done not only in an orderly 
wily, but done as economically as possible, as regards 
the expenditure of time that “commodity” the value 
of which is often talked about, but whieh i, neverthe- 
Jess, not always considered is it ought to he, 
Relation of the Working Conveniences of a House one to 
, another, 

Any arrangement, then, of home conveniences which 
iVolves the obligation to go over an Wanecessary space 
of flooving, or of separating needlessly one room from 
another, shows that it isa bad or enrolessly thought- 
ont part of the planning. Conveniences, to be worthy 
of the nume, should be close at hand when wanted, 
ov Where the exigences of the houschold work to be 
done demand. What, therefore, must that louse 
planner have had in his mind as to the correct principle 
which reguiites the arrangement and construction of 
house conveniences, When he put his larder or store- 
Closet upstairs on the bedroom tloor? We had litte 
doubt, when we came nervosa this “ eccontricity of ” 
house-plinning “genius,” that the builder did not 
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designedly or purposely place what he enlled his 
larder or store-closot in this pleasant and profitable 
position, Whit happened, likely enough, was this, 
In planning out his house on paper, he had eome 
heToss, sO tO Koy, a ovaentut space formed by the way 
he had armnged his bedroom floor surfaces, Whit 
to do with this space would probably puzzle him, 
It was too sinal) for even the smallest of bed-closets 
-—atil some builders ave a most vivid imagination 
in the way of conceiving the smallest possible space 
in which a bed, so enlled, ean be placed—and it 
would not even do if called ao bath-room, What 
NAMIE, therefore, eould he bettor given to this wunnume 
agenble space Chan that of © larder and stove-eloset” 2 
And so it waseailed nota thought, apparently, being 
given to the faet that, so placed, it was for the workers 
down stairs pracdically useless. Aud so, in fact, it 
proved to bey for rather than keep © running up and 
downstairs "for everything hey wished to take out of 
oy put into this store-closet and Tarder. so called, they 
preferred to put up with all the inconveniences thev 
possessed) below. When owe find, as we have often 
found, that the Tittle erth of as place velopt ine the 
language of the plan xtoreeloset "oor a + darder” 
ix putin the most teonveniont, and for a darder the 
most unhealthy place, we generally eonelude that it 
lis got there by some sueh chanee of planning as we 
have alluded fombove.s ‘The plamer finding that the 
laying out his floor space into what he believed to be 
the only apartments worthy of consideration, such as 
gntertuining rooms, kitehen, and the like, had deft 
weaspace which was too small to be anade anything else 
of, and therefore could seareely do otherwise than duds 
ita store-eloset or larder, seoing tliat em the plan -- 
TV Paper Sole MATE Wr eCossary 10 he stated, 
Whether it could be proparly and profitably used 
as such wes not his eoneomn,  Tlad he not given a 
store-roomn {Was not on hirder provided ait least, 
sang (rib so omamed Whaat else could the 
Inost exigent of housekeepers require 
Good Planning involves Attention to All Parts of the House, 
Good plinning, then, to be at all worthy of the 
designation, Involves the necessity to consider carefully 
avery quart of the aceommadation of whouse, Tt amuist 
not merely comprise those apattinents in whieh the 
inhabitants live, but it aust take heedful nete of all 
those aninor apartinents or places whieh care essentin! 
in order that living shall he comfortable, Further, Chat 
this comfort sliall be secured so that those who ttend 
to it shall not be called upon to do unnecessary work 
and therefore undergo unnecessary fatigue. Humanity, 
indeed, demands the datter point to be carefully con- 
didered, and we feel assured that many a good tenrted 
planner of a house would be shocked to be told tliat 
he was the cause of physically torturing the poor 
servants of a house he had built, Aud vet a very 
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little considerntion will show that a poor servant will 
have all the physical torture of great—it is sometimes 
intolerable—fatigue, ineurred by frequent running up 
and down a flight of steps or along a passage of great 
length, both of which, and all other inconveniences of 
a like kind, could have been avoided had the house 
planner given to his design some careful thinking out. 


Good Planning involves Considcrations other thin those yet 
named, as Points connected with Windows and Fireplaces. 


Bub the requivements of good planning of houses 
are not all met when the rooms and the working con- 
vonicenees are provided not only in exact munber, but 
in proper arrangement, The planner has to consider, 
nnd should consider, such points as the way in whieh 
those places aud apartinents are fitted up with doors, 
windows, ete, ele The convenience and comfort of 
room depend very much indeed upon the way in which 
its component parts are related to one another, The 
position of the doors, the windows, and the fireplace, 
shonld therefore be considered most earefully, So 
Luiportand are the cousequences arising from neglect 
of or inattention to this, that we should strongly 
eounsel the young wrehiteet or builder to diw each 
room toot huge seale, and carefully mark out the 
position of doors and windows and fireplace ino rela- 
tion to eaeh other, and how this position affects the 
placing of the furniture, How jimportant this work 
ix may be gathered fram the faet, which some may 
have a diftienlty to believe as such, that. some rooms 
are sOurmnaged in the above respects that furniture 
cenuat bo properly placed at all in them. Ina bed- 
room, for example, the bed ennnot possibly be placed 
to avoid its betap dangerously near the fire, Or 
this ean only be avoided by its being placed saeross 
a window, Which practically is equivalent to putting 
the window out of use, so faras its being opened and 
shut for ventilation and) hedth purposes are con- 
cerned, In dining-rooms, again, the free wall spaces 
are very frequently so few and so short, that it is 
an absolute impossibility to place a longish piece of 
furniture, such as a sofa or oa sidebourd, without 
blocking up a window, so that it cannot be approached 
for any useful ov necessary purpose. The writer of 
this paper has elsewhere in one of the professional 
journals gone somewhat fully into this departinent of 
house planning, and he may be permitted to give 
here a resiame or epitome of the lending points of 
his remarks, 

Placing of Doors of Bedrooms. 

It is cortuin that much of the comfort, assuredly 
much of the convenience, of a bedroom depends upon 
the way in which the door is placed, or doors are placed, 
with relation to the fireplace and the window or 
windows. Some aro so carelessly planned in this respect 
— if the term “planned,” indeed, can be here applied 
—that it is almost impossible to place the furniture in 
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the way in which it onght to be placed. Not xeldom 
are tho bedrooms, from this cause, almost useless, 
With some, all that seems necessary is that the room 
should have a door; but whether it exercises any 
influence upon the convenience of the room as a place 
in which to sleep and move abort in, does not seem 
to have been thought of. A very common inisiake 
ix to place the door in the centre of the wall next 
the lobby or landing place, This position almost 
invariably cuts ap the fumiture—that is, the free 
Wall-- spree so much that it is not easy to place the 
articles or pieees properly, and in the case of small 
bedrooms is ahnost an impossibility. Thus, take for 
eximple acuse in whieh the fireplace is to the right of 
the window, and the door in the centre of the wall 
lending fvom the lobby, and opposite the fireplace, 
Taking tho space oceupied by the bed, it will be xeon 
that there is only one position in which it can be 
placed; and even this is an unfortunate one, as it 
throws the foot of the bed too near the fireplace, 
Lt cannot be placed in either of the comers, for the 
width of the wall surfaces at those points is so narrow 
that the sides of the bed eome past the door arehi- 
traves, The difticulty is still greater where the room 
has to contain a wardrobe, and where its aren is 
compruatively sminll, for the corner wall spaces cannot 
tuke if in, and it enmnot be placed up against the 
window, And if. to me room for the wardrobe in 
the corner tearest the door, the bed is placed nearer 
the fireplace, the inconvenience in this wav ds mady 
all the greater, Or if the comer near the tireplhice 
nnd farthest from the door and window is taken. the 
bed comes too near the door, All the difficulties amined 
~ and they are not fanciful ones, having been amet. 
With by no means seldom in practice—eould have been 
avoided by stuply putting the door in either one or 
other of the corners of the room, This gives great 
facilities for the disposition of the furniture, For 
there is now room for the bed head to be placed 
opposite the fireplace aud against the partition wall 
separating the room from the lobby in whieh the door 
in placed, And this gives a good free space beiween 
the fireplace and the foot of the bed. Room ean also 
be had for the wardrobe, which is placed to the left 
of the bed---that is, in the centre of the wall opposite 
the window, 

Sketching out of Positions of Doors, eto,, in the Plans of 
Bedrooma in Relation to the Positions of their Furniture. 
The young reader should pencil a sketch showing 

the arrangement indicated ubove, and trace out all 
the possible arrangements of the fireplace, window 
and door in relation to the arrangement of the fur- 
niture, Te will, in doing this, find that puiuts are 
involved other than those named in last paragraph, 
which materially affect the comfort of those occupying 
the room. 
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THE CALICO PRINTER. 
THE CHEMISTRY AND TECHNICAL OPERATIONS OF HIS 
TRADE, 





CHAPTER IV. 

At the conclusion of the previous chapter we stated 
that few vegetable dyes are now in general ure, owing 
to the superiority of artificinlly-made dyos. Still, 
however, severnl of those natural products hold their 
ground in spite of many manifactured rivals, and 
are no less valued now than they were before tho 
advent of the “anilines.” These are indigo, logwood, 
bark, bervies, and a few others, in addition to peach- 
wood, sumac, ete., employed in dyeing on printed 
mordants. The use of indigo, both in printing and 
dyeing, being trented in a subsequent portion of our 
work, we pass on to the subject of logwoad. 

fogwood, This dye-woud is one of the most im- 
portant of vegetable colouring matters.’ Lt is largely 
used, both in the colour shop as an extract, and in 
the dye-house as “rasped” wood. Tho only colours 
for which it is employed are blwk and lilac or purple, 
With iron and chromium salts it: yields a splendid 
black, which is fast ngainst sonp and light, For 
printing, logwood liquor is mixed with mordant and 
thickening and printed, and is developed by ageing 
in the air or by steaming. In order to obtain a better 
black, Invk liquor is mixed in the colony, A good 
exunple consists of ubout 12 gallons logwood liquor 
at Li? Tw., 4 gal’on. bark diqnor at 12° Tw., 5 gallons 
acetic acid at 4° Tw., 380 1b, starch, 6 Ib. darts 
British gum, 38 Ub. chlorate of potish, 2 gallons of 
acetnte of chrome at 38° Tw., and 2 gallon chroine 
alum solution at 20° Tw. All these ingredients are 
boiled together, except: the chrome which is added after 
cooling. Of course there aren great number of other 
“stundards ” of logwood black mundo from the ubove 
hy varying the proportions of starch and water, Also 
some blacks arg made with more bark than the above, 
The object of using chlorate of potush is to aid the 
oxidation or development of the black. 

Berk,--This is used chiefly in combination with 
logwood, ns above stated, to produce a black, It also 
yields « yellow with alumina and with tin. Tt is 
used where 1 pure shade of yellow ix not required, 
ns it gives an inferior shade to berries, A good 
example of bark yellow is made from 1 gallon of 
bark liquor at 12° Tw., 4 oz. alum, 1 Jb, starch; these 
ingredients ave boiled till the starch thickens, when 
it is strained and is ready for use. It is largely used 
for obtaining offre dyes or colours-—being combined 
with aniline green and logwood black, ete. 

Persian Berries, —This product is largely used both 
in the colour shop and dyehouse. The berries are 
boiled with water, under pressure ino an extractor, 
and the liquor obtained used in dyeing, and also in 
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the colour shop; but tho largest quantity of it is 
constimed in the eolonr shop in the form of berry 
extract. This is used for yollows, of which it gives 
n beautiful bright shade; it ix largely used in general 
colour-nixing, especially in giving « yellow sliule to 
aniline groen, and in mixing olives. Alumina gives 
with berries a very pure exnary yellow, whilkxt tin 
yields 2 pure yellow of an orange shade, An averago 
berry yellow colour is made by boiling 1 gallon of 
the extract ut 24° ‘Tw,, with 12 02. of starch, and 
after cooling, mixing I Lb, citrate of tin pulp. Citric 
neil is sometimos added; some colouristia also uso 
acetic acid in this colour, 

The above three vegetable colouring matters are 
the principal onos now in use in the colour shop at 
the present day, There aro, indeed, an great many 
other natural colouring vegotable matters which give 
bouutiful shades, but thease have been replaced or 
discarded in favour of cheaper and faster dvos, 
Thus weld and several other natal dye-wares ire 
now seldom used except for “sightening,” fe. for 
mixing with somo nearly colourless printing compo- 
sitions, In order to det the printer see the impression 
distinetly. For deseriptions of many other vegetable 
dyos which, though now seldom used in printing, are 
einployed in’ cotton and woollen dyeing, the reader 
is referred to the chapter on “The Chemistry of 
Colouring Matters,” 

5. Animal Dye — Cochinedt,—-This is the only 
natural dye of animal origin now used in the eolour 
shop, and that to a very limited extent only, An 
account of cochineal will be found in @ The Chemistry 
of Colouring Matters.” 


Methods of Printing or Laying Down the Oolours on the 
Burface of the Calico or Cotton Cloth. The Block Method, 
»The reader, having studied the foregoing chapter, 
should now be prepared to follow us while we explain 
the points connected with the actual use of the 
colours thas prepared in impurting to calico patterns of 
different kinds in infinite variety of form and colour; 
in other words, the operation of printing the calico, 
(Seo the papers entided “Form and Colour in 

Industrial Decoration.) 

There are two kinds of printing—block and mnchine 
or ¢ylinder printing. 

(1) Block Printing.——Block printing is the laying 
down of the design or portion thereof. whether in 
one or more ¢olonrs upon the eloth from a block of 
woud, pon whieh is ent the desired pattern in relict ; 
the raised purts being coated with the thickened 
colour, the block is pressed down upon the cloth, +o 
conveying the pattern to the cloth, Block printing ts 
generally executed by hand; butin soine cise a eiinple 
mechanical arrangement partinily replaces hand diabeur, 
The block is usually, but not invariably, conpored of 
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wood. It is generally made as follows:—The bottom 
or face on which the pattern or portion of a pattern 
is to be cut is of the best syeamore, with the grain 
running lengthways of the block; above this is glued 
and pegged a pieco of common deal with the grain 
across the block; on the top of this again is another 
pieco of dea), with the grain running lengLhways. 
This is ulso both glued and pegged; and after the 
glue has been dried in the press, it is ready for further 
treatment, The pattern or portion of a pattern is 
now truced on or transferred to the face of the block, 
nnd is then carefully ent out by the Dlock-cutter. 
This cutting requires great enre and skill for its 
exeention; and where very fine lines occu in the 
design, the upper block is copper instend of wood. 
Some designs require only one block 5 others require 
wore-- sometimes AK Dy as thirty or forty—-euch 
block corresponding to a certain portion of the design 
or pattern, eneh printing a separate colour, 

The block printer requires to be very careful, an 
blocking with a mmuber of blocks, that each block 
is qceurately joined with or fitted iuto the other, so us 
to form the whole continuous design, This, in the 
analorco.s process Of printing in colour with the 
ordinary printing or the lithogriphie amachine, is 
tochiniently entled “registering.” 

The colour is puto on the block by dipping it on a 
sieve made of stout oileloth, floated on guan of sulli- 
clent Chiekness contained ina box sliehtly larger Chan 
the sieves the colour being evenly & tenred” or spread 
on the sieve by a boy by means of a small dat brush, 
Great iuportance is attached to tearing and alse to 
dipping the bloek in the eolour that it be did) per 
fectly flat upon the sieve, and not on one end or side 
more than another, After dipping, the block is laid 
on the cloth and gently pressed with the land sutti- 
ciently hard to get a good clear impression: and so 
hlock after block is laid on the cloth until the pattern 
is complete. There is another kind of blocking called 
“grounding,” or “tobying,” which is employed in 
condanation with machine printing, In this  cuse 
the blocks are eniployed only to fill in any colour 
Wich would not stand the processes whieh it would 
require to undergo if it were printed by the eylinder 
Machine; abso“ tobving” is used in enses where the 
colours blocked tn would injure the other colours if 
done by the printing machine, and so have to be done 
soparately, 

On the Continent, where labour is much eheaper 
than in Great Britain, block-printing is carried on 
much more extensively than here. Continental calico 
printers produce anueli more elaborate prints than 
we do, owing to the adoption of a combinution of 
nuchine and block printing, 

By blocking a greater number of colours und shades 
muy be obtained than is possible hy machine printing, 
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and doubtless in some instances finer shades may be 
obtained by the former process than by the latter. 


The Methods of Printing or Laying Down the Colours on the 

Burface of the Oalicoo—(2nd) Oylinder or Machine Printing, 

This method of Jaying down a pattern upon calico 
in one or more colours has a vastly wider application 
than that we have just been describing. And it as far 
surpasses that latter method, in nearly every parti- 
cular, as the modern printing-press surpasses the 
ancient method of hand printing by menns of separate 
wooden blocks, The modern printing-machine is a 
highly complicated invention, which works with a 
degree of precision surpassed by very few other 
machines of equal complexity, 

The amin principles of the printing-machine may 
be readily understood by an examination of tig, §, 

Jn this figure «@ is the evlindvieal printing surface or 
bow], 4 is the copper engraved redler, @ dis the colour. 
box, coutidming the furnisher roller ¢e, half immersed 
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in the colour, e is the eolour doctor, weighted by 7, 
The cloth (o be printed enters the amnchine at, and over 
the wooden roller at top Jeft hand, iu the direction of 
the arrow, where it passes along with the back grev ; 
it passes round the evlinder in the direction of the 
arrows Vatil, passing between the roller 6 and the bowl 
dy i receives the dinpression, and passes along with 
the grey out at the arrow at right hand ut top. 
thence passing by itself to the drying apparatus. 
The copper roller revolves in the direction shown by the 
arrows, and by the great pressure with whieh it bears 
upon the bowl a, revolves the latter, carving with it 
the cloth, ‘Phe furnisher-roller (which furnishes the 
engraved roller with colour) is also driven from the 
axix or mandril of the engraved roller, As the copper 
roller 6 receives its charge of colour from ¢, the colour 
from the unengraved parts of the roller is removed, or 
seraped off, by the doctor ¢ before renching the cloth, 
Hence, when passed the doctor, its engraved parts or 
design, or portion «f design, being filled with thickened 


THE CALICO PRINTER. 


colour, the smooth or unengraved parts being per- 
fectly clenn; on coming in contact with the cloth, and 
being heavily rolled thereon, the coloured design upon 
its face, it holds, sunk slightly below its surface, an 
even laver of thickened colour of the requisite tint 
or shade, transferred to the cloth partly by being 
forced or pressed, and partly by being sucked into, the 
fibres by capillary attraction, 
The Cylinder Printing Machine— Description of the Main 
Parts. 

1. The printing surface, cylinder, or “ bowl,” as it is 
variously termed, is ou large cast-iron cylinder in the 
centre of the machine, supported on each side by 
eentres or bearings on the side frame, These revolve 
in a movable bruss step in the ends of the machine or 
framework, connected with powerful screws, work- 
able by hand, enabling the eylinder to be raised or 
lowered as required, in order to permit of removing 
the copper rollers more conveniently, and also to 
counteract the pressure of the rollers upon it, This 
is driven or dragged round by the eopper printing 
rollers revolving und pressing against it. It is 
wrapped with finely-woven thick cloth, called “ lap- 
ping,” in order to gota hard, though slightly clastic 
SULTCE, 

2. The Framework consists of two similar castings, 
Which vary in size and shape according to the size of 
machine and namber of colours, The two sides are 
from three to four feet distant from each other, uecord- 
ing to the breadth of cloth required to print. Tho 
two sides, or ends, nre connected together by eross- 
bars and bolts, The framework is construeted to 
support in perfoct steadiness the heavy central cylinder 
and all the printing parts of the machine, It is 
firmly secured to a massive foundation of stonework, 
Arms project from it, bearing a mandril, colour-box, 
ete., for each colour the wachine prints, 

3. The Crown Wheel. —This is a large toothed wheel, 
made to revolve by the motive power in the same 
centre as the pressure cylinder, but oudside the frame- 
work, From thix wheel is driven the “ box-whicels,” 
which are fitted on to the “ mandrils,” and so mnke 
the copper roller revolve, the pressure of which against 
the printing cylinder makes the latter revolve. 

4and 5 The Buyraced Roller and Mandril,—-The 
mandril, or axle of the engraved roller a led, tig. 9, may 
be made either of steel or wroughs iron, the latter being 
that in general use, It consists of a round rod, with 
a slotabout four inches in diameter, into which tits the 
“tal” of the copper roller, or projecting piece, about 
4 inch broad and } in. high, which thus holds it tight 
and prevents any sipping when in work, The mandril 
also is turned with necks to fit in the brass steps in the 
frame ut each side. The steps are constructed with 
two screws, 80 that by the use of one the mandril and 
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roller may be pushed across, or from one side to the 
other of the machine, as required, And by the other 
screw, Which ia a strong one, and which moves the 
colour-box, mandril, roller and doctors, the pressure 
of the roller on the printing cylinder may be decreased 
or increased ax required. The mandril revolves in 
sliding pieces, carried in arms of the frame, The 
sliding pieces move by menus of powerful screws, 
by which any desired degrec of pressure of engraved 
roller upon the central cylinder can be obtained. 
This arrangemont for adjusting the pressure of print- 
ing copper roller upon the cloth is of great importance, 
and one of the most important duties of the printer 
ix the proper and accurate adjustment of this pressure, 
Also, it may bo observed, it ix important to regulate 
the pressure of roller upon cylinder at each end of 
roller equally —otherwise the printing upon one side 
or edge of loth will differ from that on the other, or 
Will be uneven, There is another arrangement for 
adjustment of roller, which is of the utmost import 
anes, but which we Lave not yet mentioned, This 
ix the xerew confined ina shell in the toothed wheel, 
by whieh the mandril is driven off the crown wheel, 
by turning whieh the roller is slightly durned an tty 
ae, sous to ennble the printer to fit his colours 
properly, This is further referred to in the paragraph 
upon © pitching the rollers,” 

The engraved roller, e/g & (tig, 9), is revolved by 
the miandril or axle, The roller is a massive copper 
wide tube or cylinder, open at both ends, the walls 
being on an average about fin. thick, On the miner 
wall, op interior of tube, runs a projecting ridge, or 
as it is generally called “tah,” from end to end, which 
fits into the slot in the mandril, as before mentioned, 
For the cugraving of this voller the render is referred 
to the chapter devoted to that subject, 

Gand 7. The Colour- Bow and lMarnisher, The colour 
hox is a wooden or copper receptacle to contain the 
colour-mixture used in printing, It is fitted undor- 
neath, and is rather larger than, the copper roller, In 
this box is a wooden roller, which revolves upon brass 
bearings on its sides or ends, This roller, or “fur- 
nisher,” is driven off the mandril by aw sinall brass 
coy-wheel, which works into a corresponding wheel on 
the end of the axle of the furnisher. ‘Tho furnisher 
revolves, lialf iinmersed in the colottr-mixture und 
half above it, in the same dirvetion as that of the 
copper roller, against the copper roller, thus conveying 
the colour to roller by continually lifting it and slightly 
pressing it against the copper roller, ‘The revolution 
of the furnisher is generally slightly quicker than that 
of the roller, its tooth-wheel being rather smaller than 
the coe-wheel of the mandril, Thus 0 kind of slight 
scraping, or rubbing the colour against surfuce of 
engraved roller, takes place. 
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THE MACHINE MAKER OR GENERAL 
MACHINIST. 


Sprecray EXAMPLES OF HIS Work—ITS LEADING TECTI- 
NICAL PRINCIPLES AND DETAILS. 





LAPTER IIT. 

Wr: coneluded the Inst ehapter by sinting that a 
mechanic might make a good machine, and yet be 
unable to explain the natural laws on which its 
operations were bared ; or that he might be ignorant 
of the facet that they in truth depended upon natural 
laws, But further, and this is readily enough admitted, 
the practical movhanic of the Iigher grades of the 
profession dows in his work daily take advantage of 
certain rules and modes of ealeulation based upon 
formule which ure due to tho labours of scientific 
men or of theorists. And this in order that he may 
have all the advantages of a system whieh gives him 
the maxinuni of effieteney with the mininum expen- 
diture of amaterial,  Silbimere, it is admitted -pretty 
widely known, indeed, even by those outside the 
mechanien! world, or rather not connected in a busi- 
ness way wilh machine-making and cngincering work 

that the machinist, the manufacturer, and the 
technical industrial worker, are now using machines. 
of the anost valuable practical character, which have 
owed their existence, so to put it, to, or been deduced 
from, purely theoretical investigations and calculations. 
The Practical Machinist in his Work preceded that of the 

Theorist in Applying Science to the Details of Machine 


Making. 

Ht. is from: all this, and in some directions more 
than this, that at Jeast the popular notion has arisen 
to which we have above alluded,—that the work of 
modern riachinists, in all the wide varieties of its 
practice, has owed its existence to the theories of the 
mlontitie man. Bat the young teehniad reader and 
machinist will perlips be surprised to learn that the 
opposile, or almost the very opposite, of this is 
the true condition of matters; and that this may be 
said to be practically the correct statement of the case 
—aonely, that modern machinery is based upon the 
work of the early machinists in their rude workshops, 
which was done patiently step by step, and that in 
the slowest, and most painful of ways, not only with- 
out anv help from theorists or scientilie men of the 
period or of periods before, but anainly in utter igno- 
rance of the fret that selentifie men had even thought 
their work worthy to be made the subject of theoretical 
disquisition, Book after book— and some of them 
in their mere bulk were portontous and solemn- 
looking affairs —was published, treating on the 
laws of mechanies, and illustrating what were called 
“engines,” possessed of wondrous mechnnical—so- 
ealled: powers,” und yet of the very existence of 
such looks, the great majority of the working 
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mechanics of the period were ignorant, Nor is it 
anything but the mere formul statement of the 
truth, that from this ignorance they suffered no prac- 
tical loss, and this for tho best of all reasons—that, 
taking them all round, such books contained nothing 
or next to nothing of any practical workshop value to 
the working mezhanie, If, however, they gave more 
than this, and what might have been, and in reality 
was, the germ of a useful machine, it was so wrapped 
up, so to say, in terms, and obscured by verbiage, 
that it was uscless to the practical working mechanic 
and machinist. Even after the time when our early 
miichinists had brought out mechanism which did 
the actual daily work in some branches of industry, 
the authors of such works as we have above alluded 
to thought it beneath their dignity to notice such 
michines, The doingof work of practien] utility seemed 
to he the very last thing which those theorists thought 
about. But of what may be called the “romance of 
mechanisin” their works abound in illustrations: 
dingrains of so-called mechunieal combinations, intri- 
mute as fanciful; most abstruse and feurfully span-ont 
eulculations and speculations to prove, for example, 
that enormous weights could be lifted by hairs, or 
stinws as weak as hairs, but not u drawing Indicating 
an wrangement, not even one showing a single part, 
of a mechanical construction which could be made to 
do work of nny kind, There was no end to the disqui- 
sitions on, to use a tantologien! phrase, the wonderful 
powers of the “mechanical powers,” but seureely a 
line could the pructical mechanic find to help him in 
his duty of invking those powers do hix work. For 
w long time, it inny almost be said fpr many genera- 
tions, this was the character or nature of what might 
beeulled the seientifie treatment of mechanies ; and, 
singular as it may appear to the young reader, 
mechinies beeame truly a seience, and was so ex- 
pounded by men of science, only after the men of 
practice, the actual working mechanics, with long 
years of patient labour, and by the expenditure of 
much true mechanicul ingenuity, had brought out 
mwhines, and seb them actually to do a wide range 
of work, that scientific men deemed it necessary to 
take up the subject of mechanies and mechanism, and 
treat it in such a way ax to be really a practical help 
to the future and further progress of the practical 
mechanic. But as to how much the mun of science 
was indebted to the mun of practice, many do not 
know, and as it is important to know, we shall now 
trace, as fully os space will admit, the history of 
progress in this direction. 
Some Points connected with the Applications of Theory to the 
Practice of Machine Making. 

As we have above stated, the theorist at one time, 
and that at a period not so very remote from our own 
times, had almost complete possession of the field, and 
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ussuredly he indulged to the “top of his bent” in 
cultivating it in his own peculiar fashion; and that it 
wis v fashion lending in no direct practical way to 
the progress of mechanism—or machinery, to use the 
modern term—may be learned any day by those who 
choose 1o wade through the somewhat shallow strenms 
which spread out widely enough over the field of the 
mechanien] liternture of the period, referred to, For 
loug, indeed, the trade or calling of the muchinist did 
not exist in anything like the sense we now attribute 
to the term. The very fact, to which we hove 
alluded, that the applinnees by which alone machines 
could be made did not exist, rendered any complete 
“trde” a practical impossibility, The work of the 
“mechanic” was of the simplest and rudest character. 
The verv mune, indeed, was used by all classes 
making up the higher winks of society—the theorists 
or writers themselves included--in 1 way which indi- 
cated the esteem, or rather the lack of it, in whieh 
he und jis work were held; the very term “ base 
mechanic Work” becoming stereotyped in our language, 
nnd used, moreover, by men professing to be seientilic, 
who ought to have had some better and brighter 
conception of the true dignity of the enlling, and how 
potent an influence its work possessed in promoting 
the welfare and qinistering to the material necessities 
of the nation, But it was long before the machinist 
took the plice he now occupies, and did the work le 
now does daily, in this high and useful direction, 
And vet, if theory had been of any great practionl 
service, the mechanic of the early times we allude to 
had no end of its preleetions at his service, if he had 
known of or cared to avail himself of them, Portly 
tomes, ax We hive hinted at, were published from time 
Lo time, dilled to the full with most picturesque and 
npparently attractive drawings or designs of wonder- 
working machines, and with intricate dingruams and 
no less jutriaite expo-itions of movements or “ mecha- 
weal combinations "—if at that time this phrase could 
be applicable—which proposed to do most wonderful 
“foutx of force.” 

Assuredly, if the mechanic, not then or as yot 
‘sed. to the dignity and the practieal value of the 
calling of the machinist, bad been led to the peruse] 
of such works, he would have found enough in them 
to gratify lis ambition as to what he might or could 
do if only he could work out the wonderful combina- 
tions which these works xo lavishly and so generously 
otivred to his notice. But somehow those did or would 
nov serve any practical purpose. It mattered little for 
the mechanic to be told that by certain “ wcchanjeal 
contrivances” duly set forth by a complicution of 
lines more or less eluborute, but always puzzling, and 
explained or expounded by a long array of mathe- 
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matical statements and figures even more elaborate 
and vastly more puzzling, he could do most wonderful 
work—such ns to renlise the boast of Archimedes that 
if he could have but « fulerum and o lever long 
enough, de with his tiny power could move the globe, 
Nor were marvels of lesser kind awaiting, but still 
marvels all tending to show the wonderful capacities 
of so-called wnechanical ngents which seemed to have 
some inherent power in themselves. Thus one writer 
on mechanics, who, like all other writers before him, 
and like some in our own times, or pretty near 
them, ought to have known better, revelled in the 
region of the wonderful of mechiunism, and its 
alinost infinite powers, pointing out that by these 
‘anechanical contrivances” it were “easic to have 
made one of Samson’s haira that was shaved off to 
have been of more strength than all of then when 
they were on” Assuredly it was “ensie” to writo 
about such wonders: but it never seemed to occur to 
apy one of those who so readily offered such pro 
lections that they were utterly vain ag regarded any 
praetion! utility in the every-day work of life, and 
that from all their complicated diagrams and no less 
complicated explanations, the practical machinist—so 
farus he in those carly times oxisted---would  guin 
nothing whieh eould be of possible serviee to hina, 
Qne important truth such writers utélerly iynored-— 
not that many of them were, if indeed any one of 
them could be, ignornnt of it--and that was the 
element of “time” Some of them, indeed, saw the 
value of this; they eould onforee the doctrine, in 
truth, which every schoolboy In inechanies knows, or 
wl lenst can repeat by rote as if he did knowet lit 
whit is gained in power is lost in time. Dut so purely 
from uw theoretical point of view wus everything in the 
times we write of considered, that it never entered 
inty their speculations that it must of necessity affeat, 
in the closest manner the actin) work of the 
machinist who had work to do, and in whieh tdmae was 
nn all-essentinl point, One ean seareely now, with 
the light of oar experiance, comprehend how writer 
after writer could have a thorough understanding of 
the vital truth which such a statement as this from 
the pen of one of them contained: “The inunense 
force of the mechanical powers would be infinite and 
altoyvether stupendous if it were not that the greater 
the foree is, the more slow their operadions are,” 
—and yet so thoroughly and prnctienlly fail to 
perecive that all thei miarvels of “mechanical con- 
trivanees,” the mighty work done by linnginary levers, 
und the woudrous strength of supposititious hairs, 
wero of no avail to the machinist of the day, with 
whom time was an clement which he could not, if lie 
would, ignore. 
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THE STONE MASON AS A TECHNICAL WORKER. 


THe PRINCIPLES AND PRACTICN OF, AND THE 
MATERIALS HWE EMPLOYS IN, HIS WOMK. 





CUIAPTER TT, 
Principle and Illustration of ‘‘ Bond " between, or 
‘(Bonding on Stone Walling. 


Tx addition, then, to the full binding power of a 
mortar or lime “eeinent” (see this term ino the 
“QUyelopedie Dictionary of Technical und Trade 
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Terms”) the science of masonry has devised a method 
by which, in carrying out the art of setting the 
stones it uses, © mechanical arrangement is given 
which binds the individual stonea together, forming 
a coherent and largely solid) mass, This arrange. 
ment is techmenlly termed “bond,” and stones set 
in a wall or structure properly are said to be “ well 
and truly bonded.” What the principle of this “ bond” 
is we shall endeavour to illustrate and explain. 

Lat us suppose that two stones Iving on a ftlat 
surface, us the ground (as «and 4, tig, 20), are pliced 


together, so that, the jomt formed by the juxtaposi- 
tion and contact of the two is formed at ab. 1 
they be simply placed in contact, should any force act 
in the direction of the arrow ¢, so as to tend to 
cause the stone ¢ to slide away from the stone ¢, 
the two wonld clearly be separated, and the joint 
a & would open up or widen, and contact between 
the two would, if the movement went fur enough, be 
obviously destroyed. The tendency to separate the 
two stones would be all the greater if another force 
acting in tho direction opposite to ¢ opernted in the 
line indicated by the arrow d. The stune result of 
separation of the two stones would take place if the 
one xtone, ase ein the lowest diagram, rested upon 
soft or treacherous ground or soil: it might sink down 
townrds the side 7, and in the direction of the urrow 
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Big. 21, 
at that point. The result, ro faras the integrity of 
the “joint” yg is concerned, ix shown in the illustra- 
tion, As between the two stones originally placed at 
ed, joining at ab, the keeping of the two in contact 
might be in some degree ensured by placing two 
stones ahove them, as shown at A ¢ in central diagram 
in fig, 20, But this would only be by increasing 
the cementing surfaces if mortar, or the frictional 
surfnces if placed without mortar or cement. Any 
pressure neting either ax ate d@ or m, in the two 
first sketches of the figure, would still have the ten- 
deney to separate the joint between them; for the 
joint represented by the line 7 A in) central diagram 
runs in line with that, 4 7 of the two lower stones, 
Analysis of the Principle of Bonding of Stones. 
The pupil will have a simple exercise, vet one which 
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will serve to give him some useful hints, if he works 
out mentally the different results of pressures exerted 
upon the stone in the illustration in fig. 20: those 
pressures being exerted by the arrows us ¢, d, f, and 
additional pressures acting in the directions as at in 
and n. Tf he does so, he will not be long probably 
in perceiving that the condition of the joint ad would 
be materially altered if, in place of superimposing 
upon it two stones, ax at AA und 7 /, one stone, ax 
a b, fig. 21, were pliced ns there shown. Tet the 
pupil study the position we have now arrived at. He 
will see that the solid part @ of the stone @ 6 lying on 
the upper surface or part of tho surfaces of the two 
stones under, is centrally over the joint «eof those two 
stones, Let him suppose that by » bed or stratum of 


undor the pressure, But this resistance would be just 
so much the more in favour of the two stones yy, hd, 
being separated by the rupture of the joint nt «ac 
-—that is, the joint would be all the stronger by the 
mortar between the edges of the two blocks. 

Take again the ease of the two blocks j, 4, jointed 
at /, and the joint partly covered, not wholly go, ax in the 
aise of the block a in the other sketch in this figure. 
Suppose n pressure to be exerted on the briek A} in the 
direction of the arrow a, aad at the comer nearest it, 
and that the soil under A was soft and yielding. Tere 
the result, as shown at gy in fig, 20, would not be 
so likely to happen, for not only. as there, is the 
cementing resistance of the mortar of the joint the 
only force to resist rupture; butin fig. 21, in addition 





Fig. 22, 


mortar the “bottom bed” of @ 4 is connected closely 
und tirmiy to part of the upper beds of the two xtonex 
Ut Aho Suppose now that a pressure acting in the 
direction of the arrow 7 has a tendeney to move the 
stone yg towards the might hand, while the stone % 
remaina firmly fixed in or on the soil, and has no pres: 
sure correspouding to that at % acting upon it. To 
resixt this pressure there is now not merely the 
strength of the mortar or cement, as in the case be- 
fore considered in connection with fig. 20, but there 
is also, in addition to this, the resistance of the cement 
or mortar to be overcome, which is spread over the 
half of the bed of the block @ 6 resting on the block A. 
In this ¢nse we do not here tuke into account such 
resistance ax would be offered by the mortar joint on 
the half of @ & resting upon the block y y, which is 
VOL, 1. 


to this at the joint /, is the resisting: power of the 
mortar joint under the bed of the whole of the under 
side of the block am, So that before the hloek & 
woud yield to the pressure put pon if, as at arrow a, 
and would be foreed into the yielding soil, the block J, 
which we suppose to be on firm ground, would he 
raised like a Jever, the fulerum of which would be 
the corner nearest 2 of the block £0 And this rerint- 
ance of the block j to the pressure exercised at 2 
would only cease when the cementing power of the 
hed of the block a was overcome by the rupture of 
the joint of its bed. Tn those two eases represented 
in fig. 21, we have two resisting powers to any pres 
sure tending to rupture the joint, as @e, or /, of any 
two )locks cemented together by mortar: first, the 
cemented joint, @ cor /, itself; and second, that. afforded 
16 
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by the hed joint of blocks @ 6 and m resting on and 
cemented to the top beds, or part of them, of the two 
blocks Ay and 7 &. 

‘Breaking Joint” au Essential Feature of Bond, 

It is obvious that hy thonghtful arrangement of 
the blocks of stonu the joints of any course in the 
construction of w» wall may be so arranged that they 
may be covered by the solid parts of the blocks of the 
courses above and below them, Thus tho joint a of 
the two blocks 6 and o, fig. 22, is covered by the solid 
parts of the blocks dd and e This is technically 
auled “breaking joint,” and the principle is adopted 
in more thin one branch of the constructive arts, 
mechanical as well as building, These arrangements 
of blocks to secure this sound principle in construc- 
tion technienly constitute “ bond,” or in other words 
that by which the individual blocks are bound or 
tied together. Tf the blocks were all of the sume 
longth, and placed invariably in the same relation to 
ovch obher as the blocks {47 g yg, either parallel in 
the sense of their length to the line Aa of fnee of 
wall, or at right angles to it, as j7 to the line & Z, 
while “breaking joint” could stil be carried out by 
proper nemngement of the blocks as shown at w nnd 
halow f and y, this mode of disposition or “ place 
ment,” to use the technical expression, would not 
give the greatest or strongest: form of “bond.” In 
practice, if the blocks are of the samo dimensions 
-tx in the ease of bricks (see the series of papers 
on “The Bricklayer, his Material and Technical 
Work ”)--they are disposed so that part are placed 
in the wall parallel to the line of its face, as at /, and 
part at right angles to it, as at yj, fig, 225 so that, 
although of similar length considered in relation {o 
the brendth or thickness of the wall, they may he 
looked upon, to use iw fumiliay phrase, as being “ longs 
and shorts.” 

‘‘ Longs" and ‘‘ Shorts,” ‘' Headers” or ‘‘Stretchers” in 

Bonding of Stones. 

Thus the block @ d in fig, 22 is a “long,” con- 
sidered iu relation to the breadth or thickness of the 
wall; and the block og a “short,” as it only renches 
across part of the thickness or breadth of the wall, 
When blocks ave thus placed, ux at oo, ff, or gq, 
fiy. 22, to run along the length of the wall, they are 
technically enllod “stretchers.” If they are placed so 
ax to run across the thickness or breadth of the wall, 
or at right angles to its line of length, as at dd or 
7j, they are termed “headers.” A wall, therefore, is 
built up with « series of “headers” and “ stretchers,” 
so disposed in relation to each other that they “ break 
joint" in the way already explained and illustrated, 
The way in which they are thus dixposed varies 
according to circumstances, and constitutes what is 
a particular boud, whieh goes by its special name— 
as, for example, in brickwork (see “The Bricklayer ”) 
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the kinds of bond termod “ Flemish” and ‘Old 
English.” In stonework the blocks are not always 
of the same length, but the length of the shortest is, 
or should always be, greater than the breadth of the 
longest—as the block in the centre of the lowest 
diagram to the left of fig. 22, being larger than the 
breadth of the blocks on each side of it, projects 
beyond those, as shown. This projection is obviously 
necessary to secure “bond” with other blocks; and 
this would not be obtained if the short blocks were 
equal in length to the breadth of the long blocks, as 
the block s to the bloeks on each side of it in centre 
of lowest diagrams in fig, 22. The case would be 
worse if the short blocks were Jess in length, as at 
wy than the breudth of the long block vv, But when 
the stone blocks are of unequal length, they aro still 
disposed in a wall or structure on the same principle 
of “longs and shorts ” alternately. 
System of Interlocking of Stones of Different Lengths secured 
by ‘‘Bond'’- ‘Throughs ” or ‘' Through Stones.” 

The complete way in which the individual blocks 

composing or muking up the solidity of a wall are 





Fig. 238, 
interlocked, so to say, with each other, or bound or 
“bondad ” together, is partially illustrated in fig, 22, 
in the sketches at top of dingram, That to the left 
may be taken as part of a solid wall of blocks, either 
“ashlar” or rough hammer-dressed coursed rubble 
work, The block «d, although a “ header,” is termed 
specially in the technical Jangunge of masonry a 
“through,” inasmuch as it: goes completely through 
the thickness or breadth of the wall; its two ends 
showing at each side of it, interior and exterior, The 
blocks o@ and de are “stretchers.” The top sketch 
in tig, 22, to the right, may be taken as an illustration 
of a composite wall, or made up of solid blocks, or 
of “ashlar” or of “coursed rubble” work; those 
blocks being placed or disposed go as to form the 
outside faces of the wall, inner and outer, while the 
central part of if is filled up with small stones or 
“rough or random rubble” work, But the blocks, 
although of equal length, are disposed as “longs or 
shorts,” or ns “headers” and “stretchers,” as in the 
lower diagram to the left. In fig, 23 @@ is a “through.” 
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THE YOUNG ARCHITECT OR ENGINEER. 
His STUDIES—OFFICE DOTIES—AND PRACTICAL WORK IN 

THE PREPARATION OF WORKING DRAWINGS, OF SPEOIFI- 

CATIONS, AND CONTRACTS FOR WORE, 

CHAPTER IV, 

The Finished Roof Plan of the Building 
is the last of the series of the drawings of which the 
block plan is the first. Tt represents the appearance 
of the roof when complete, with its covering of tiles, 
slates, lead, or whutever other materials may be used ; 
also all gutters, drips, cesspools, skvlights, chimmevs, 
hips and valley flashings, ridge and hip tiles, When 
the roof is perfeetly symmetrical, one half may be 
drawn asa finished roof plan, and the other half ns 
the plan of the roof timbers, ‘The caves or trough 
gutters for carrying off the rainfall form) an impor- 
tant portion of the plan; the inclination must be 
indiented by arrows, and the position of the down- 
spouts shown, The gutters of important buildings 
are generally covered with “snow-bourds,” formed of 
timber, to prevent them from being blocked with 
snow, which frequently might otherwise be blown in 
from the more exposed portions of the roof, 

Slates and tiles of different colours are occasionally 
arranged in patterns on the roofs of schools, churches, 
and domestic buildings, to break the monotony of a 
large expanse of roof; the design should be drawn on 
the finished roof plin, and the diferent colours indi. 
ented ty tints, AC necessary feature of every roof 
~emore especiilly of detached luildings—but one 
which is frequently omitted, is the lightning condue- 
tor, and the copper wires connecting it with every 
portion of the roof formed of metal, us lead flashings, 
lend and iron gutters, fininis, ete, Porn building of 
moderate size, one conductor, tixed at the highest 
point, will suffice, The wire. connecting it with every 
metallic material on the roof must he indicated by 
red or blue Jines on the finished roof plan—which, 
in addition tu what has been mentioned above, shows 
the view, looking down, of the upper surface of the 
highest musonry and brickwork, cornices, parnpets, 
gibles, finials, ete, It is usual to show them on the 
plan, protected by lead, usphalte, or other suitable 
material ; occasionally only the joints are protectud, 

Plans of Qeilings of Large Rooms, Staircases and Corridors, 

Pling are occasionally included among the contrnct 
drawings of the ceilings of large rooms, stuirense 
halls, and corridors; when they are of an ormumentul 
and elaborate design they should be invariably drawn 
from centre lines, and are generally described as plans 
“looking up.” The contract druwings were sub- 
divided above into plans, clevations, and sections, the 
general character and mode of preparntion of the plang 
having been described; a few words on the elevations 
and sections will complete this portion of the subject, 


The Elevations 
are the drawings which illustrate the design and 


style of the exterior of a building, and indicate the 
materials of which it is constructed, The number of 
elevations will necessarily depend on the peculiarities 
of the site and of the plins; every portion of the 
oxterior not abutting on another building will require 
wv separate elevation, and when large courtyards are 
included in the plans, sepurate elevations, facing them, 
must alxo be prepared. Those of smaller arens are 
genenuly included in the sections, 

Before commencing wn elevation, the extreme 
length, the slope of the ground, the heights of the 
floors and of the window-sills above them, must be 
ascertained and indicated on the drawing, as well as 
the centre lines of the doorways, projections, recesses, 
bays, and all other features which eu be obtained from 
the plans ; the young architect will then beable, after 
deciding ou the style to be adopted, to commence his 


dosign. 
Btyle of the Elovations. 
No instructions ean be given for this portion of the 


work ; it requires a thorough knowledge of the stylo 
selected, and an acquaintance with buildings or with 
reliable iustentions of buildings Ghat have been 
already erected ino the sane style by architects of 
undoubted experience and ability. Trae knowledga 
of style can only be obtained by the preparation, on 
the part of the student, of ineasmred drawings and 
sketches, (The possibility of a design being produced 
Ina entirely new stvle is so very remote Ghat it need 
not be discussed here.) 

Lastly, eoncentvation of thought, and, above all, 
“brains,” are necessiry to produce adesign which will 
look equally well on paper and in reality. Tt need 
seiureely be remarked that probably the imajority of 
designs prepared appour mere satisfactory as a drawing 
than they do after being carried out in’ brick and 
stone, This is owing to the fietitious effeet. obtained 
by colouring, shading, and other artitiees adopted to 
conceal woukness of design; it is only in the work of 
the most experienced architects that the appearance of 
the building is more pleasing than that of the drawing, 
The Importance of Selecting the Material of which a House is 

to be Built, in Keoping with ita Style of Design. 

The judicious selection of the materials to bo used 
is of the grentest importance in the production of a 
satisfactory design, as it need scarcely be pointed out 
how completely they will afleet the proportion and 
outline of all architectural features. The exterior of 
a building erected without, or with only a very 
sparing use of stone, must be treated ina very differ- 
ent innnner from that of -a building in which stone is 
wholly or largely used. We need only direct the 
attention of the reader to any one of the many 
buildings erected in one of the classic styles, examples 
of which ure to be found in every moderately large 
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town, and to examine for a moment the columns, 
entabluture and pediment, the windows and doors, 
with their miniature architraves and pediments ; it will 
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be shaded, An attempt to obtain variety or con- 
trast of colour by the uso of various materials in 
imitation of buildings erected in the south of Europe 


be at once evident that stone is the only material suited should not be attempted by the architect. The 


for the exterior of such buildings, The comparison of 
a church cvected of stone with one erected of brick will 
also forcibly show the influence of material on design, 
Tt may be stated here that the use of cement or plaster 
in imitation of stonework, so frequently seon on the 
Continent, and oeensionally in this country, in build- 
ings evectoad in the Ttalian and Classic styles, is not 
architecture,” und would not be tolerated by any 
conselontjous urehiteet, The beginner is warned never 
to attempt to obtain architectural effect by the use of 
one material in imitation of another. The general rule 
io be followed in the selection of suituble materials 
for the exterior of w building is to use those found in 
the Joeality in which the building is to be erected. 
From the time of the Normans until the introduction 
of grentor facilities of transport by means of canals and 
railways, this rule has been closely adhered to, except. 
in the enses of large and important Inuldings, ns 
cathedrals, churches, und monnsteries, for which the 
materins have heen froquently obtained from oa 
distance. The “half-timberod” houses of South Tan- 
eashire, Cheshire, Shropshire, and other counties, the 
hialis”-- a nme applied to oven very small fin. 
houxes are only found in districts in which stone 
qunnot. be quarried or ik unsuited for Iuilding 
purposes, ‘The old towns of Manchester, Stockport, 
Chester, Shrewsbury, and many others, contained 
principally half-timbered horses, many of which have 
only been taken down to make way for buildings 
more sited to the wants of the age within the last 
century, On the other hand, the houses throughout 
the hilly portions of Lancashire and Yorkshire were 
ereetad of stone, This change of material in buildings 
of the same age and erected for the sune purpose 
cun be well seen in the districts lying on the north 
and south side of Manehester: in the former a half- 
timbered building is the exception, and in the latter 
very few stone buildings intended for domestic pur- 
poses were formerly erected, Buildings dating from 
the two centuries preceding the introduction of rail- 
ways were generally erected of brickwork in districts 
in whieh stone was not readily obtainable, 

The dvawings are generally described ax front, back, 
and side elevations ; they may be completed in differ- 
ent wave: if entirely faced with one description of 
stone, they may be simply inked in and left without 
colour; but ify as is generally the case, several varieties 
of stone are used, or a combination of stone and 
bricks, they must be coloured, so that cach material 
may be distinctly shown, Jt is usual to make the 
tints correspond as nearly as possible with the mate- 
rials they represent. Contract drawings should not 


climute and smoke of al] our large towns soon de- 
stroy any architectural effect depending on colour, 
and tone the whole elevation down to a uniform 
grey tint of soot and dust. When the materials 
forming the “facework ” of an elevation are different 

from those forming the body of the wall or building, 

they must be carefully “tied in” by “ headers,” 

When stock bricks aro used for fucework, all the 

bricks forming “headers” must be whole. 


Sections of Buildings required 
are drawings of the greatest importance, They show 
the interior and general construction of a building, 
the heights of the rooms, the various levels of the 
floors, and the staircases by which thoy are renched, 
If is always somewhut diflicult for the architectural 
student, or the general render who has not had many 
opportunities of exumining architectural drawings, to 
thoroughly understand o section, 1f the reader stood in 
n street facing » building, and imagined the front wall 
ranoved, he would see a xection, The ends of the 
internal cross wills would be visible, the xpace between 
the ceilings of one story and the floor of the rooms 
nbove, the construction of the roof, and the general 
interior of all the rooms abutting on the street. Or if 
he stood facing the west end of w church, and imagined 
the gable wall removed, he would see the whole of 
the interior, including, in addition to the exposed ends 
of the walls, the floor and roof construction, the elevn- 
tion of the chancel arch, the reredos, altar, east window, 
pulpit, reading-dosk, font, and seats. The number of 
xections required w#l vary, of course, with the features 
and size of the building, Tf only two ave required, 
they uve entled longitudinal and transverse sections. 
The former is generally taken through the bnilding 
in the direction of its yrentest length, by preference 
along the Jine of the roof ridge, and the latter at 
right angles to it. When three or more sections are 
included ina set of drawings they are deseribed as 
“Section on Line a 3,” “ Section on Line cp,” and so 
on, the line on which the section ix drawn being indi- 
cated on the plans by means of a strong red line with 
the letters “4B,” “cb,” at either end, so placed as 
to indicate the direction in which an individual would 
face if he stood in the building when erected, in order 
to xey the view depicted on the section, The portions 
of a building which should always be shown on the 
sections are the interiors of important rooms, stuir- 
enses, roofs, showing pitch and eonstruction of prin- 
cipals, the floors, every variation of level, and all 
special and important features. Sections should he 
dmiwn through all the exterior wulls, showing the 
relative quantities of masonry, brickwork, and other 
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materials, the foundations, footings, plinths, string- 
courses, windows, sills and heads, cornices, parapets, 
gutters, and dormers. Small portions of elevations 
are oecasionuly, as stated above, included on the 
sections when they are taken through areas or small 
courts, or in front. of slightly projecting bays or wings, 
Important Uses of Sections. alike to the Designer and 
Constructor. 

The preparation of the sections draws the attention 
of the architect to many points of construction which 
might otherwise not receive due attention, or be over- 
looked. “Headway " must be provided under every 
lnnding, the relative heights of large and small rooms 
adjusted so as to economise space, principals and other 
roof construction must be worked out, as well as the 
construction of the floors. The systems of ventilation 
and warming proposed to be adopted in the building 
for which the druwings are being prepared, can be 
shown on the sections; all flues, ehimney-shafts, 
boilers and boiler fines, shafting, belting, engines, 
michinery, and hoists. eights and levels of each 
flooy niust be carefully figured; it is usual to do so 
from floor to floor, not from floor to ceiling, A. string 
of dimensions should be given from the foundation to 
the roof ridye, with «& datum line fixed from a point 
on or near the site, Which must remain undisturbed 
during the erection of the building. 

Great Number of Section Drawings required in many 

Buildings. 

The sections cannot be conunenced until the plans 
have been tolerably worked out. They should be 
drawn in outline before the elevations are commenced, 
Some idew of the number of sections required to illus- 
trate the intertor of a building may be obtained by a 
cureful consideration of the following examples. Let 
the reader place prominently before his mind a church 
consisting of a nave with a tower at the west end, 
north and south aisles, porches and trimsepts, a chancel 
with a vestry on the north side, with cellar under 
for heating apparatus, and an organ chamber on the 
south side, The following sections would be required 
to fully ilustrate the interior of such a building ; A 
section on a line commencing at the centre of the east 
end of the chancel, and pussing sloug the line of the 
rool-ridge to the centre of the west wall of the tower, 
with letters AB so placed at each end of the section 
line that any one attempting to rend them must have 
the chancel on his left-hand side. On this drawing 
would appear a section through the east window, 
reredus and altar, an elevation of the south interior 
of the chancel, with the arched openings into the organ 
chamber, a section of the chancel arch, internal eleva- 
tion of the gable wall of the south transept, and the 
elevation of the south side of the nave, with the arcade 
and clerestory, a complete section of the tower, and 
sections of the floors and roofs. A second section 


215 


would be required nt right angles to the first, neross 
the nave and aisle, and through the porches looking 
west ; a third and fourth extending from the centre 
of the gable end of the north transept to the centre of 
the gable end of the south transept, one looking enst, 
the other wost ; a fifth section al right angles to the 
first across the chancel, vestry, and organ chimnber jn 
sixth from the contre of the cast end of the chancel 
along the line of the roof-vidge as far as the chancel 
arch, looking north; and lastly, a seventh seetion across 
one of the transepts and porches, at right angles 
to the third and fourth. When the whole of these 
xections have been drawn, it will be found that every 
portion of the interior of the church has been ins- 
tiuted-- prestuning, of course, that the north and south 
sides of the uave are similar in design, An ordinary 
warehouse, with only one frontage, would probably 
require only one seetion drawn on a line at right 
angles to the street, through the entrance and stair 
case 5 Uf the building were considerable, a second one 
would be required, on a dine parallel to the street 
front. A detached villa, containing a large vestibule, 
hall, and staiveise, entertaining rooins on eneh side of 
the hall, aw billiard-voom and conservatories in the 
rear, would require five or xix: seetions, one of which 
would have to be on aw line drawn through the vesti- 
buloe, hall and staircase, a seeond one aeross the stair 
case at tight angles to the first, and the others on lines 
passing through the entertaining rooms, all extending 
throughout the length, breadth, and height of the 
building, In all sections the horizontal distaneos 
hetween the walls must, of course, be obtained from 
the plans, and the elevations must be kept steadily in 
mind when the vertical dimensions are being plotted, 
The young architect cannot mistuke the number of 
kections required for any building, if he recolleets 
the rule that every portion of the interior that is 
nob aw perfectly plain stuface will require a seetion to 
Hinstente it, The plans, elevations, and sections 
deseribed above include all generally termed contraet 
dawings, 
Extra Drawings frequently required to complete Contract 
Drawings...Local (or Sanitary) Board Drawings. 

But in addition to those what may be called general 
drawings, others have to be prepared which iiay be 
clussed aus the drawings to be deposited with the local 
authority—which inay be the corporition of a town, a 
vestry of a district or parish, or the Loon) Bowrd of a 
larger uien To these have to be added Targe-seale 
drawings and full-sized details in the case of buildings 
of any importance. And lastly, drawings are often 
required to be in duplicate, or tracings inade of the 
origins, for the use of the contmetor or for that of 
the clerk of the works. These ext drawings, us 
they may be classed, will be deseribed in detail in a 
future chapter. 
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THE GENERAL l’RINCIPLES AND THE DETAILS OF HI8 WoRK. 


OHAPTER III. 
Joints used in Lengthening Pieces—The Half-lap Joint. 
At the couclusion of ‘last chapter we stated that 
the juints of “ Carpentry und of Joinery ” were similar 
in principle: an example of this ds found in the illus- 
tration now to be given, which forms one of several 
methods used to lengthen oue pieco by having another 





Fig. 12. 
piece added to it. Fig. 12 illustrates a well-known 
form of joint, known as the “half-lap”; fig, 13 
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Fig. 13, 
shows this in detail, 2 and am heing longitudinal 
sections of the parts @ and & in side clevation ; 
ede f shows in plan the part cut out to half the 
depth ucross the line g hk i, 7 k being the line of 


junction of the two surfaces. The parts may be 
secured together by a pin, as ate in fig, 14, but 






this joint ix weak to resist any side or Intoral pressures. 
as indicated by the arrow d, which will tend to displace 
the part @ acting upon the pin ¢ asa centre. The 
Jower part of the diagram shows how this lateral 
struin may be met: the end of the pieces, as a, being 
provided with a projecting angular part, g. Which goes 
into a corre pondingly--haped recess or part cut ont, 
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as at f. Or the end may be formed as at ¢ jk; the 


recessed part as at A. 

Other Forms of Lengthening Joinis—The Dovetail Joint . The 
Tongue and Groove, or Ploughed Joint—The Ploughed 
or Grooved with Feather Joint. 

Fig. 15 illustrates another joint of the same class 





Fig. 15, 
us last described, in which the pieces joined with a 
half-lap joint, as in fig. 12, have dovetail tongues, as 
at ov and ¢, which go into corresponding recessed>parts, 
FE 
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Vig. 16. 
agsein plin, Fig, 16 ix a modification of this, Other 


forms of joints in this class are xhown in figs, 17, 18, 
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19, and 20. 


Fig. 18 
“ tongued and ploughed” joint, the same as used in 
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joining boards edge to edge, Fig. 19 is a double the piecea’a’. «4 a,db, show the parts put together in 
side elevation. Fig. 22 is a modification of thix with 
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Fig. 22, 


a sloping face or table ¢, and a projecting horizontal 
part d, Figs, 23 and 24 are more complicated forms 














Fig. 19, 


tongue and groove joint, and fig. 20 illustrates ap 
adaptation of the “dowel” used in masonry (see the 
“Stono Mayon”), The “feather” used, rectangular 


Fig, 20, 
in section, as y in fig. 2, is here, in fig. 20, double 
dovetail, 
Joints used in Lengthening Pieces—Modification of the Half-lap 
Joint. 
Fig, 21 illustrates a joint in this eliss which may 
be looked upon as ou modification of the “ hnlf-lup” 


Le aid ee 





Fig. 20, 


joint in fig, 12, ante, but in which the projecting ulready deserihed in connection with figs, 5 and 7, 
part ¢ of piece bd goes into the recessed part d in of this cluss of joint. Fig. 25 gives in detail the joint 


THE J 
which may come under the present class ; the cors both cases the tenons are dovetuiled, not plain ax in 
responding accented letters show corresponding parts 
of jaint. Those joints, especially figs, ad and 4, 
vome ulso, and perhaps more accurately, within the 
range of carpenter's work for large beams, 


Tongued, Ploughed, or Grooved Quirk Bead Joint. 

Fig. 25 is a joint of the same class illustrated in 
figs. 5and7, The uccented letters indicate the separate 
details to the right. The upper diagram to the om 
left shows the two pieces in edge or side elevation ; Fig. 28, 
the lower diagram the front elevation of the pieces, fg 26. Fig, 29 illustrates a method of joining two 
Tu this only one side or face of the pieces is finished 
with a quirk bead, as ate, The other side is flat, 
suve where the edges of the two pieces are spluyed or 
bevelled—te. have had tho arrises taken off at the 
joint, as at b andc. This is referred to in connection 


with figs, 5 and 6. 








Joints used in Joining Pieces Vertically to each other, 


We now come to those in which pieces are joined 
vertically to one another, and those in which the 


pieces ure al right angles to each other. Fig, 26 


Fig, 29, 
pieces at right angles: in the upper diagram the 
horizontal piece is joined to the side of u_ vertical 
piece by x dovetail tenon; in thé lower diagram a 
vertical piece is joined to a horizontal-lying piece by 
being simply let into a groove cut in the lying piece 
of a width equal to the thiekness of the vertien] piece. 
In fig. 30 we give u detailed drawing of another method 
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Tig, 26, 





illustrates two pieces joined vertically by what may 
be culled the open mortise, but which is the tongne 
and groove joint already described. The groove 
is cub out in the lowest piece, the tenon being 
eut on the end of the upper piece. Figs. 27 and 





Fiz. 80. 
of making a joint, where one piece, as 0 6, is vertical 


to another piece aa. In this the groove is not cut in 
the piece a a of full thickness of the piece Fb. but 
only of a certain purt of this; theend of 4 4 being eut 
off so as to form n shoulder as at A, allowing the part 
¢ to enter the groove e made in the piece / d. This 
pipet shoulder in 0 6 allows of purt of ) 6 butting solidly on 
aa, thus relieving the groove ¢ from any lateral pres- 
sure exercised by the piece 0 b. 





28 show the same joint. but for closed mortises—one 
single, ax in tig, 27, and one double, as in fig. 28. In 
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THE GRAZIER AND CATTLE BREEDER AND 
FEEDER. 

THE TECHNICAL POINTS CONNECTED WITHTHE VARIETIES OR 
BueEEDA OF CATTLE--THEKIR PRERDING. REARING, FEED- 
ING, AND GENERAL MANAGEMENT FOR TILE PRODUCTION 
or BUTCHERS MEAT AND OF DAIRY PRODUCE. 





CHAPTER III. 
Tue Inst paragraph in the preceding chapter opened 
up tho goneral fentures of the object the cattle breeder 
had in view, and we concluded by naming the good 
qualities he desired in his fattening animals, When 
an ox is found to possess those good qualities wo 
generally alluded to, they are songht to be per- 
petuated in its progeny ; and the breeder, in raising 
stock from this, the parent, sceks also still further to 
improve those good qualities, or to add those which 
nre deficient, so that the value of the progeny will be 
grentor thun that of the parent, Jn like manner an 
animal possessing good points nay be made to com- 
munieite them, or some of them, to the progeny of 
in animal deficient in thems so that, while on the 
ong hand good stock can be perpetuated by its 
progeny, so on the other bad stock, or stock at least 
deficient in good qualities, may be aproved by being 
brought under the influence of the good stock, This, 
roughly or briefly stated, coustilutes the Art of 
Breeding. 
The Points of Cattle meeting the Conditions Named in 
Last Paragraph. 

The qualities of an ox, or of fattening cuttle, are 
known or designated technically as the points,” and 
those “points” nre Indicated by the external chayacs 
teristics of the frame or body of the animal, these 
mucking up what is called popularly its shape or 
form, but amore  aceurately its There 
are vertiin other indications of quality of stock 
which, connected with the feel of the Jesh and of 
the hide, and quality of the hhaiv or fur by which 
that is covered, are ascertained by what is cdled 
“the touch.” or popularly the dundling or feeling 
of the animal, To sneha point of perfeetion his 
the art of breeding reached, that the skilled breeder 
ean so arrange the details of his work that he ean 
lay on flesh, so to say, on the parts of the frame 
which yield what the butcher eulls the * finest 
cuts,” giving the maxininin of those, so that the 
animal when killed yields the maximum of profit. 
But this high degree of perfection in the art lias been 
reached only by the exercise of the closest observa- 
tion and the most patient and prolonged of practice, 
earried on during a very long course of vears,  Severul 
yenerutions of farmers Jinve pussed nway since the 
period when breeding of cnuttle commenced to he 
distinguished by that close observation und that 
mitient and sustained effort which can alone raise 
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any pursuit from the position in which it is carried 
on “anyhow,” chance only dictating ita results, to 
that in which certain restlts are ensured with more 
or leas accuracy, from carrying out of certain rules 
or methods of procedure. 


The Oharacteristios or ‘‘Points'' of Fattening Cattle in 
Detail—Bulk or Size of Frame or Body. 


In the preceding paragraph we stated in very general 
terms what constitutes the art of breeding, and what 
in the hands of our most advanced graziers and 
cattle breeders this art has done in creating herda of 
fattoning centile, which yield the largest amount of 
flesh or butcher meut, and this possessed of the quali- 
ties which bring the highest price for the ment in the 
market. We «lo stated in general terins that aniinals 
which give this high quality of meat are found to 
possess certain characteristics of form, or have what is 
called a good contour; those charncteristios going by 
the technical designation of ‘ points.” We now pro- 
coed to expliin those goneral characteristics somewhnt 
in detail, We have said that the fattening ox has been 
likened to a machine by which, out of crude vegetable 
substances, flesh is manufactured. Although this 
latter term is somewhat couse In its conception, as 
applied to that in which the mysterious element of 
“life” ix so intimately concerned, it nevertheless gives 
a fair iden of whit the work of the breeder and 
feeder of catile is. For a machine designed to do 
certain work Jn the most economical way amust: have 
its party arrminged with particular reference to the 
work to be done, and those duly proportioned one 
to another. Take, for example, an internally fired 
stenm-ongine boiler, which with its furnace may be 
ealled a Machine for the produetion of steam, such 
asthe “Cornish "or the Lancashire” form (see the 
papers which take up the details of “The Stean- 
Kugine”). Tera we anust have iiuple interior space 
in which to consiune the fuel whieh gives us the 
heat, which in time is communicated to the water, 
which again in tine gives ux the steam, And there 
must also, therefore, be ample spice to provide for 
the supply of water, and the stewn to be stored up 
after being produced until i, is required, Aid how- 
ever those fuel, water, and slenm spaces are arranged, 
they give, and must give, externilly a certain 
form or shape or contour to the whole apparatus, and 
thus a certain bulk or volume to it. A less space 
for the consumption of the fuel used to boil the water 
nnd raise the steam Quin Uhat which the volume of 
water demands, would make oan Ineffieient boiler, 
which would burn coal without giving the proper 
result or equivident in steain, Now, the animal frase 
of the fattening ox may be likened to a boiler and its 
furnace ; and we shall find as we proceed thit the 
simile is much more closely applicable than the youth- 
ful student may at present perceive, For the procens 
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The Characteristic Features of Fattening Cattle namod in 
Preceding Paragraphs to be Present in Good Proportion. 


In stating that ample space must be given within 
the frame of the animal for the reception of a 
large stomach, and of well-developed lungs, it must be 
remembered that these must be all well proportioned. 
While healthy auction of the Jungs is ubsolutely 
indispensable, the lungs should not be too largely 
developed. When we remember that life going on in 
the animal frame is actually a process of combustion, 
the food which is the fuel being consumed by contnet 
with the oxygen contained in the air supplied by the 
lungs, the greator the supply of air toa given amount 
of fuel—that is, food—the more rapid will be the 
process of combustion, and the more quickly will the 
force constituents of the food be carried away by the 
lungs in the act of brenthing, Tho larger the lungs 
the greater the nven of the air cells, and the more active 
therefore the combustion of those parts of the food 
which go to increase the fat of the animal, An 
animal with too large or unduly proportioned lungs 
will not take on fat as rapidly as one which has the 
lungs in due proportion to the frame,—-and for the 
reason above named, for the food will be consumed so 
rapidly, or the blood will be so quiekly oxidised, 
that much will be taken away which would other- 
wire have been assimilated by the animal, tending 
to increase the flesh tissuea. The great aim of the 
breeder should therefore be to have animals with 
lunes only sufficiently large to admit of the healthy 
breathing action going on —thit ix, minimising the com- 
bustion of food, leaving its maximum constituents to 
be uestinilited by the animal and form fat. Much the 
Kune reson exists for not having a too large liver in 
w fattening ox; for if it be too large, its action drains 
off, so to say, the respiratory or carbonaceous or fut- 
producing constituents too rapidly, and consequently 
retards the production of fat. Some considerations on 
these two points, or rether on the one point of undue 
drain upon the fat-producing constituents of the food 
through lung and liver nection, will be found in 
puccetding parigraphs, in which the subject of cattle 
food is dealt with, 


“Touch ” or ‘Texture’ of the Hide or Skin of the Animal 
a Test of the Value of Fattening Cattle. 

We have already referred to the touch or handling 
of the animal os a test of the quality of the flesh, 
this quality being technically known as “texture.” 
This is one of the points or tests of a good anim 
Which cannot be ensily, if at all, deseribed in words. 
What constitutes a good touch or lindling of the 
skin and tissues Immediately below it must, in fact, 
be learned by repented trial» of different animals. The 
only word which conveys un idea of what a good 
touch or handling is, is that it shall be “inellow.” Jt 
ix generally understood that the fineness of the touch 
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indicntes fineness in the texture or the filre of the 
flesh, Every one is but too fumiline with the coarse- 
grained meat which ix too frequently supplied by the 
butcher, which gives a look to the “cut” totally 
different from the fine grained, delicate-looking fibre 
of the flesh of a well bred and carefully fed ox, 
Fineness of texture or of fibro is often supposed to 
constitute what is ealled good quality of the meat, 
But there is another attribute which goes to make 
up this essential feature of quality, and that is colour 
of the flesh,  TLlowever fine the fibre may be, or 
texturo of the flesh, if the colour be dark the mes! 
ix not considered by judges as of good quality. Dut 
this, however, may be taken with a reservation, for it 
may be looked upon as being a point much of the 
same kind as the prefevence for white bread to that 
which is dark-coloured, although this or brown brend 
may be, and is, considered the more nutritious, We 
have a parallel illustration in the ease of mutton, The 
flesh of a Welsh or mountain sheep is dark, and quite 
unlike the light-coloured flesh of a Southdown or a 
Leicester sheep; yet the texture or fibre of the meat 
may be alike fine in both, while that of the light- 
coloured only is admitted to be of good quality. Yet 
the flavour of the Welsh mutton is highly esteemed. 
No doubt dark-coloured flesh iy not generally so juicy 
ns light-coloured; but a bright colour in the flesh of 
fattening oxen being considered in gener] as n point 
in good quality, the breeder has to Jook to obuuning 
this peculiarity in the flesh of the animals he broeds 
and fattens. He hax, therefore, to be careful not 
to select animals to breed from or through which 
have dark-coloured flesh, however good their “ points’ 
may be as indicating quick-fattening animals, 
Principal Breeds of Fattening Cattle employed by the Grasier, 
It is not our purpose to give a detailed deseription 
of all the classes and varieties which make up what are 
enlled the British breeds of cattle: this would demand 
an amount of space much more in keeping with an 
eluborate treatise, having abundance of spice at com- 
mand, than with the character of a paper which his 
to find its place amongst a wide variety of other papers, 
but which, nevertheless, we hope to make exhuustive 
enough, 0 far as the practical details of the subject are 
concerned, Jt will be enough for this purpose if we give 
a short account of the leading breeds, whieh may be sud 
tu be the distinctive, us they wre the favourite ones of the 
grazer, Much has been written, und not altogether 
of a profitably practical charneter, as to the wboriginal 
or original native breed from which all our modern 
breeds have been derived, that is, supposing—which 
supposition many writers are by no midis disposed ta 
admit as directly based on anything like well wuthentt 
ented facts—all our breeds to have descended from one 
primary or exclusive stock, Those who maintiuin that 
the present wide variety of breeds, with their great 
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range of diversities of character, could not have sprung 
from one, but from several original animals, have 
seurcely, wo think, given that close attention to what 
inay be eled the influence of the feeding or living 
cireunistanees | as of locality, soil -with its food pro- 
duets, and climate, in modifying the physical charuc- 
teristics of the lower animals, The peculiarities of the 
PUStIUre srs which alone for many # generation 
constituted the food of cattle, and which in many 
districts still practioully limits it --have beyond a doubt 
a peculiar influence on the physical conformation and 
bodily features of our animals, We see this, indeed, 
every day now, if we but care to look for and examine 
itt A bulky Shorthorn or a Hereford ox would 
stiurve, where an ox accustomed to feed in the marshy 
und coarse pastures of Essex, or on the cold hill pas- 
tures of the north of England or of Seotland, would 
thrive, And if we sturted with a herd of the huge 
mnimals, with juiey well filled frames of flesh and fat, on 
poor pasties anid 
ina Cold climate, 
no one whe knows 
Whit: cattle feed- 
Ing is, ws abonce n 
science and an ant, 
would be surprised 
to find, attor na few 
generations liad 
passed away, that °, 
the had 
depenorated : each 
suceceding: family, 
so to cull it, show- 
Penge PMDCCt EDD 
signs of nequiring 
spiiller frames, 
With poorer ment, 


Wadnads 


And the converse may be tuken as 


drue given anabortginal or solitary tribe of cattle, by 
cous to warmer climates nnd richer pastures, that 
those enttle would continue to improve, and each class 
would show some peeuliarity which would distinguish 
it from another class; and that this peeulinvitv might 
reasonably be traced to the local aud climatic influences, 

While, then, it may be coneeded that all our varied 
breeds have descended from one stock or kind of 
rnimal, it is, however, a difficult matter to point out 
with definite precision what that one class has been. 
The majority of authorities is in favour of the opinion 
that it isto the White Cattle, of whieh we have now 
but a very fow in this country, that we have to look 
us the progenitors of the wide variety of breeds we 
now hive, And those white enttle are themselves 
the remains or effshoots of the herds of cattle which 
in the enrly periods of British history roamed wild 
over the northern parts of England, and extended 
their range to the more southerly parts of Scotland ; 





and hence were culled the Caledonian catile, though 
why it is not easy to see, Inusmuch as they belouged us 
much, if not more, to England than to Seotland. The 
only remains of this breed of eattle, which ure thus 
supposed to represent the aboriginal breed of Great 
Britain, ure to be met with in Chillinghum Park, 
Northumberland, at Ribbesdule in Yorkshire, and at 
Wollaston in Nottinghumshire. Passing from this dis- 
puted question ax to which was, if there was only one 
original breed, from which all our modern breeds have 
sprung—which, however interesting, ax it certainly is, 
in many of its uxpects is searcely practical enough in 
its details and the outcome of its discussion to detain us 
longer --we proceed to give our bricf notes on the breeds 
now nf the command of the grazier in produeiug sup- 
plies of unuual food, or, us it is more detinitely termed, 
butcher meat or beef, for our ever increusing popula 
tion, And of these we select as the one first to notice 
aoe phomhors Breed of Fattening Cattle. 

This selection we 
make on the prin- 
ciple of the de- 
sconding seale, 
taking what on all 
sides is admitted 
to be the first or 
premier breed, and 
therefore consider: 
ing those other 
breeds which still, 
however valuable 
: for the  prazier, 

nd holding a high 
position in his 
estimation, as not 
nevertheless rank- 
ing so high as the shorthorn, the reputation of which 
ix not confined to this country, ut extends alike to 
the continent of Amerien and to the Antipodes, being 
is highly esteemed and as engerly sought after by the 
breeders of the Wnited States and of Canada us by 
those in Australia and New Zealand. The © short- 
horn” breed is otherwise known as the “Durham.” aud 
by this name it is much better kuown to Continental 
agriculturists, amongst whom it is held in as high 
esteem as it is by our own farmers and graziers, . 

Fig. 1 gives a fairly good conception of the char- 
acteristics of the shorthorn breed of enttle—it being 
au illustiation of a prize ox. In a future parngraph 
the classitication of breeds according to the formntion 
of their “horns,” as “short,” “long” and “middle” 
horns, will be iustrated, showing the differences in 
this respect. In the shorthorn in some enses the 
horn is only relatively short as compared with some 
animals, of the same breed, which are in reality very 
short, as wil] be shown in n future illustration, 
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CHAPTER IL. 


The Mixing of Soils of Different Qualities in order to make 
Bricks under Certain Conditions. 


Tuk brickmaker has, however, often 10 mix jis soils 
in order to obtain the desired proportions requisite 
for brieks of good quality, And the best mixture 
obtainable ean only be found by direct experiment. 
IIowever good may be the soil or soily used, it is 
obvious that all extraneous substunees must be re- 
mnaved from them before they are taken in hand for 
brick moulding and burning, This involves extra 
cave in the preparation of tho soil, and we need 
scarcely say that this ix not given where © chonpness ” 
must be the chief attribute of the bricks made, whiat- 
ever other characteristics of a good kind they may by 
change possess, To get rid of useless and dangerous 
extraneous substances, and to fit the soil for good 
moulding, “ weathering” and “tempering” must be 
carefully done. “ Hand moulding” requires the 
exercise of skill and care on the part of the work- 
nin; but it is fast being superseded by “ machine 
moulding.” which not only turns outa greater number 
of bricks in the same time than ean be done by hand 
woulding, but gives to them a greater density nnd 
compactness, and adinits of a wide variety of forms 
und methods of making, After moulding comes the 
“burning.” 


The Burning of Bricks—Good and Carefully-conducted Burning 
essential to the Making of Sound Bricks --Modes of Burn- 
ing employed, 

This demands the greatest care and knowledge. 
Nor less carefully must the “cooling” of the bricks 
when burned be looked to, ay much of their quality 
depends upon the way in which this is done, But, 
however carefully all the previous processes are done, 
and however good the materials, the “ burning ” dues 
not give bricks of uniform quality, This will be 
obvious on slight consideration. Bricks are burned 
either in specially constructed “kilns "—themscl ves 
built of bricks—or in what are called “ clamps,” which 
internally ave simply structures or masses built up of 
the moulded and unburned bricks, mixed with which 
is the fuel which carries on and completes the burning. 
Now, from the way in which the bricks ~-partinily 
air-dried before burning—are placed in the “kilns” 
or built up in the “clamps,” and from the way in 
which, in both cuxes, the hent is applied to the bricks, 
unequal burning is the necessary or compelled result. 
To heat equally all the bricks is the aim of, but never 
is absolutely sceured by, the brickmaker, There are 
therefore, in each Jot burned, different qualities of 
bricks, and thore qualities are defined by the position 
which they have had in the kiln or the clump, ‘I'he 


best, as may easily be supposed, aro those taken from 
the central part of the mass, where the heat has been 
most uniformly applied. 

Names by which Bricks burned in Certain Ways are 

Known or Designated. 

Those are known by different names in different. 
luculities—such as “body bricks,” “ hard bricks,” or 
“cherry bricks,” from their tine, bright red colour, 
Those bricks taken from the sides and top of the 
iass are the poorest quality, and, known by various 
names, such at“ soft: brieks,” “ pale bricks,” or 
perhaps more generally as “common bricks,” are 
useful only for the iiner courses, being untitted for 
outside work exposed to the wenther influences, or 
subjected to heavy pressures, as in superior brick- 
work, Of kilu-dried bricks, those nt the top, or areh 
bricks as they are genemlly termed, although hard and 
possessing a more or less completely vitritiod surface, 
rendering thea so far capable of resisting the weather, 
are generally xo brittle that Chey are untitted to resist 
pressures and gnortiur does not take kindly to their 
SUPTHCOs, 

Bricks Classed according to their Colour—The Classes or 
Kinds, with the Characteristics of Soundness. 

The above are the general designations of bricks, 
but there are many special names particularising difler- 
ent varieties according to quality and colour, which 
attributes are derivable not morely from the inatertals 
of which they are made, but from the manner in which 
and the eare with which they are imantfaetured, dried 
and burned. As regards colour, there may be said 
{0 be three great divisions red, yellow, and blue. 
{t need seareely bo said that the red comprises the 
great majority of the bricks used in construetion ¢ so 
much so tit this colour is, in the popular mind, 
always associated with the omuatering, and finds ox- 
pression in the phase “as red ag a brick,” as if 
bricks of other colours were not to be inet with, 
The colour of bricks goes, as may causily be sup. 
posed, through all varieties of tones and tints, this 
being so largely dependent upon the materials of 
which they are composed and on the way in which 
they are made. And the tone or tint in great, if not 
always in wbsolute mensure, indicates with consider- 
able precision the building qualities or value of the 
bricks. Thus the best of red dick are generally of 
w bright colour—what is known instinctively to 
ho a bright, pure, clean, clear colour, The best 
bricks of this kind give oul, when struck with the 
trowel, a clear sound, in great measure metallic, 
just us if the trowel were striking some material 
like itself. The surface gives at once the iden that 
it will well resist the weather influences of rin 
and damp. Bad or inferior red bricks Jive, us 
a rule, what are at once known to be the opposite 
of the qualities above named, 60 far as regids colour, 
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In Carpentry and Joinery, chiefly for Exterior Work. 


BEING ONE OF THE SUB-8ECTIONS OF THE PAPER ON “ FORM 
AND COLOUR IN INDUSTRIAL DECORATION,” 





CILAPTER II, 


At the conelusion of the preceding chapter, in some 
remarks on recent improvements made in the popular 
taste in regard to beautiful work, we stuted that the 
cultivation of a taste for the benutiful had a tendency 
to make people dislike and leave off grovelling pursuits 
and tastes, And so much hns been done in this direc- 
tion that we have every hope that vastly more can and 
will be done. It is no vain boast for the advocates 
of this higher education to say that a more healthy 
because a sounder notion of what constitutes the 
beautifal in objects around us, and which we use more 
oy Jess in daily life, has taken possession of all classes, 
of ull ranks and conditions of men, It has permeated 
from above downwards till ulmost the poorest classes 
display some, and in a few cases even w high degreo 
of apprecintion of what ix beautiful aud pure—which 
is in the highest degree xatisfaetory, and which 
if i be not ol) that is to be desired, or indeed 
only in reality but a sinall advance in the right 
direction, is nevertheless an enormous advance on 
whit existed a generation age, The term “art 
muntfacture” now means solucthing, and curries 
something praction] with it, not merely to the halls of 
the wealthy, but to the huts where poor men lie.” 
No doubt the term “art manufseture” dins been 
wiueh abused, und it would be well for us if it were 
not so frequently abused now. Under the shelter or 
the authority of its name mueh is produced which, 
however good its claim to be considered as a “ manu- 
facture,” has not the shadow of a claim to be clussed 
ak “art.” Much has been made or manufuctured, 
Which In no true sense has been designed,  Not- 
withstanding which, however, it ix bevond all dispute, 
as we have said, that a vast improvement dias taken 
place in the public estimation of what constitutes the 
beautiful, Even in poor cottages, articles which were 
supposed to be ornamental, and those which were 
simply considered to be useful, but all of which 
were hideously ugly, have een, during thy last few 
years more expecially, supplanted by objects which 
have in many cases some fair pretension to the pos- 
Kexsion of good design——in some few really do possoss it. 
Causes which have brought about an Improvement in Popular 

Teste in regard to Beautiful Things in Construction. 

The various agencies which have been at work 
aiding the efforts of those who desire tu raise the stan- 
durd of popular taste in every walk of daily work, and 
in every branch of daily life, have without a doubt 
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effeeted, as we thas seo, on all sides great buprovement, 
Our numerous exhibitions have done good service in 
this respect, not merely ax exciting emulation in the 
various departinents of business muongst those who 
are practically engugod in carrying them ont, but 
they have mado us acquainted with what was done by 
other peoples, markedly those on the Continent, And 
the lessons they tought us have been so well louned 
thut in some departinents we now excel our teachers, 
But that we have from them much yet to lean, those 
know best who aro best acquainted with what the 
Continent has yet to teach us, And it is a suggostive 
consideration, and one which curiously enoug) bears in 
the closest: possible way on the immediate subject of the 
present section of this series of papers, that it ix just 
the one which has been the most poorly represented 
or illustrated in the numerous exhibitions we have 
held in this country ; and to which contributions from 
the Continent were sent so freely. Tho art of wood 
design and execution has, so far as we know, scarcely 
been represented at all, judging it by the highost 
standard, And one has to go ubroud and travel far 
and wide, with observing eye and thoughtful mind, 
before one can form any conception to what n point of 
practical perfection it has there reached, 

Wide Field for the Study of Ornamental Construction in the 
Timber Work of the Qontinent.—A Practical Contrast. 
And it is only those who have dial the opport unitios 

which such observant travel enn alone afford, who are 

able chy Laving in their possession the power, 50 10 cul] 
it, of contrast-- to know to its full extent the poverty 
of our workers in timber in respect to the application 
of design to the Jabours of their hands Toone this 
knowing what has been done, whit is being daily done, 
in countries not so very fur separated from our ow, 
niakes it, to say the least, somewhat depressing some 
would say humiuliating- to witness so Infiny oppor 
tunities presented to our workman for displaying their 
knowledge of design totally overlooked and neglected ; 
opportunities which, if availed of, would in many 
instances give the peoplo “things of beauty,” which tho 
poet has well said are things of “ joy for ever,” and in 
all might wt all events plouse the eye and gratify the 
tuxte, where now they only offénd and shock. This 
does not hold true only of what any he called the wad 
work of ordinary structures; it holds equally trne of 
the larger aud more pretentious structures in which avs 
much money has clearly beer expended 5+ me s:null 
extra amount of it might reasonably have ' een forth- 
coming, to add to all the stubjlity of sound construction 
which they ussuredly displuy, some at least of the 
wants and ¢laims of good design. There is a well 
known city in the kingdom which prides itself, and 
justly xo, on the number und magnificence of its stately 
structures in the most perfect style of workmana)ip, 
and of the finest and purest stone. In this city a 
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public company has erected 1 structure for the accom- 
modation of the public, Deciding---wisely or not we 
Jo not pretend to say—not to absorb much of their 
funds in the use of material costly to purchase and 
more costly still to work, they have chosen timber us 
that of their structure. In point of working plan to 
suit the wants of the public and of their own business, 
in poiut. also of soundness of construction, the structure 
leaves nothing to be desired. But in point of that 
design which appeals to the taste and pleases the eye, 
it ix, notwithstanding that it faces one of the noblest 
of streets and one of the grandest of natural objects 
with which a city can be blessed, neither more nor less 
than “hideously ugly.” T'rue, there is an attempt to 
give the form or outline of he building some look as if 
“design " had to do with the origin of the structure ; 
bat there has heen such an evident forgetfulness—if 
not possibly an ignorance of the canon or rule in 
design that each innaterial dictates or ought to dictate 
its own peculian characteristic of constructive  troat- 
ment, that it would have been much more satishietory 
if the structure had been even plainer than it is, and 
been lacking altogether in’ those details which it pos- 
Kesses, and which are presumed to be decorative. For 
this very attempt at design serves only to make the 
lack of all true principles of design the more pain- 
fully obvions. A well constructed shell with plain 
surfaces, and pierced with the ust bald“ voids ” 
for doors and windows, would haye at least been a 
thoroughly honest-looking strueture, devoid of the 
pretension which the attempt at design gives to 1, 
And if, as we have shown, the structure in its ford 
ensemble or general gappearance betrays a lack of 
truc design, it is seareely necessary to say that there 1s 
an utter absence of design in special details: those 
details which, when well worked out im design, give a 
gener graceful lightness and an elegance of form 
whieh wood or tinber properly—that is, artistically 
or wsthetienlly-- Created is so well caleulated to give. 


Practical Lessons to be derived from the Foregoing. 


We have been thus careful to give the particulars 
of this example of an iinportant wooden or timber 
construction, as it presents a fair specimen of what 
our designers so called in timber construction, and 
our workinen do, ov rather wholly fail to do, Tt does 
not stand alone by any means: we could cite many 
more cases of a like character, but we content ourselves 
by mevely further alluding to the thnber * offices ” 
of a wealthy and energetic public society, which in 
point of design en dlve und in detail deserves every- 
thing which has been said as to the structure above 
criticized, And such examples, too numerous as they 
are, perforin what may be called a painful mission, for 
koun by thousands they perpetuate as it were totally 


THK ORNAMENTAL WOOD WORKER AND DESIGNER. 


falue views of what artistic und wsthetic design should 
be, whereas they might, differently treated, do much to 
promote a luve or a taste for the beuutiful, and add 
ko many more to the educational examples which in 
other directionx—as in our museums, markedly that 
noble one at South Kensington, and at our technical 
and art schools—-we fortunately have. We have also 
drawn attention to those examples of how timber 
should not be dealt with, with the specinl purpoxe of 
contrasting the style of treatment so general in this 
country with that seen on all sides on the Continent, 
To this we have already made general allusion, to 
which wo may odd this special one. In our various 
rambles abrond we made, amongst other matters of 
professional interest, thix subject a special study in 
detail, and looked ont therefore for every example 
from which we could obtain hints as to the artistic or 
esthetic trentinent of the, material, Nor lad we any 
dillieulty in finding such examples; und we found them, 
ns we have suid, not only in places more or less public, 
and where there was some incitement to the designer to 
give good work, in view of the larger constituency of 
erities he addressed, but ulso in remote districts and in 
obscure positions where there was little chance of public 
approval being met with, so that it was simply that love 
for the beantiful, or that asthetic taste which will not 
permit ugly work to he done, which imust have been the 
ruling motive for the execution of the work. Not seldom 
have we come aeross sole tiny structure of a railway 
station serving some little hamlet, 2 mere wooden shed 
in point of accommodation and size, yeb so treated, both 
in the general design or plan, as well as in every 
ininute detail, that it was a delight. to look upon, and 
could not fail to uct as a perpetual teucher, so to 
say, of what was bewutiful in form and outline, The 
sume was observable in domestic structures, some of 
which were special examples of what were really fairy- 
like dwellings—-so light, so graceful, and altogether so 
elegant in their gener effect. And these were not 
always ambitious structures in point of the internal 
veconmodation they afforded, the owners of which were 
possessed of inuch money to lay out in gratifying 
their taste, In many Instances they were mere cot- 
tages, tiny blocks for people evidently of small means ; 
but vet in all of them there was evidence of a love of 
the beautiful, some of them being specially nttractive, 
Beautiful or Pleasing Effects in the Ornamentation of Wood 
Work obtainable at comparatively Little Extra Oost to 
that demanded for Plain Work. 
if it be true that a structure in brick or stone may 
be built so that it be pleasing to the eye, for an ex- 
penditure no greater than that which a house positively 
ugly in outline would demand; so also in timber it 
may be held to be true that a plonsing design may 
be had at as little cost as one unpleasing. 
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THE WORKMAN AS A TECHNICAL STUDENT. 


How To STUDY, AND WHAT TO STUDY. 





CHAPTER II. 


In the concluding paragraphs of the first chapter 
we gave a statement of how the word “art” could 
be explained. To what we have there said it will 
be as well if the reader now refers. Meanwhile we 
proceed to state that the word further means that the 
proper and perfect doing of the work is dependent 
upon expericnce, whether that be of a skill in hand- 
working, or the result of close observation, or of study 
in what is popularly called head-work, So that a 
definition of art may be this: the dofng of anything 
with dexterity or skill, just as ploughing or turning 
up and over of the soil is the doing of the work neces- 
airy before the soil is capnble of receiving the seed and 
bearing a resulting crop, And the thoughtful render 
cannot fail to be struck with the curious root of 4 word 
(art) used every day, in connection with which plough- 
ing ixnbout the last thing thought of. The “root” 
further carries us back to the times, “ hoary grey with 
eld,” in which the very first work man was entled 
upon to do was the production of food from the soil— 
which gave to this work such an importance, as if it 
were the only work or art worth while attending 
to. Nov will the thoughtful render fail to have some 
hint conveyed to him, by the linguistic root of the 
word art, in relation to the imunner in which tecluical 
educution has to be followed if it is to he worth any- 
thing at all. On this point, and on the practical 
lessousx Which it conveys, we shall have a good deal 
more to sav in the course of these prpers, 

The reader will thus see how we havo so far narrowed 
the terin “technical eduction” till it is shown to be 
sImply art. And that art for all plain practienl, 
or, as we night sey, homely purposes, is simply doing 
work, any work, well; and that the well” doing 
depends upon skill or dexterity acquired by experience, 
by observation, or by study, This in the opinion of 
some would seem to imply or compel a terrible 
degradation of the term or word or thing we call art, 
in connection with which the most exalted ideas are 
held, and the most grandiloquent expressions employed, 
Yet the fuct is, beyond all manner of doubt, that art 
ix stmply the doing of work -in other words, the 
completion of something which has to be done And 
nothing is done till it is completed ; and eompletion 
infers—and indeed is—perfection of doing, so fur as 
poor humanity isable to do, anything perfectly. It will 
be odd indeed if now the reader fails to have a soine- 
what fair conception of how all that we have said 
bears upon technical education. The only fear is that 
he will carry with it that to which we have just 
alluded—namely, that there is some notion of degrada- 
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tion so far aa art is concerned, But if he will think 
it out, there is no such thing; on tho contrary, all 
work to be dono—just in so far as it is useful to 
society—is noble and elevating, It is only work 
which should not be done, which is useful neither to 
oneself nor to soeiety, which is degrading, 

Further Practical Considerations connected with the Term 

already explained. 

Tt may seein a somewhat strange thing, therefore, 
whon we say by way of illustration that the simplest 
work isanart, To dig is an art. Should any one 
doubt the accuracy of this claim for so hiunble, so 
simple a work as thisof turning over the soil, let him 
go into vn garden or a field and closely wateh several 
men it work digging. ‘Tho non-observant, unthinking, 
would at ones decide that this work was, at all events, 
purely mechanical, not inveht mind ins it surely—nany 
fool could do that.” The observant would, on the con- 
trary, soon perceive that although all were doing the 
sume thing, and all apparently doing it in the sume 
wiy, thore was a decided difference in the style and 
quality of the work done, The samo thing would nod 
be done by all, No doubt nn ordinary mind would 
decide that they were all doing, wand whit they were 
doing was digging, But if it be true-and this no one 
would venture to dispute—that work is only dove when 
it ix completed, and that completion in the absolutely 
correct sense is depondont upon the work being done 
well, some of the workers du our supposed case would 
not be digging in the true sense of the term, To one 
who knew what good, that ix, trae digging, is, there 
could be no doubt that some were doing “bad” work 
not worth paying for, and to whom it eould be sid 
—-as 1s often in similar cies in daily life said J 
would rather that you would cease working, if you 
ean give no better work than that.” Others of our 
Imnginary diggers would, on the contrary, give work 
which, even to w not very quick eye, could at once 
he seen to be quite different from some of the other 
work, which one would almost intuitively know from 
the very look of it--being shipshape or workinanlike 
~-to be “good” work, And even in the class of 
good work there would be w gradation in’ result-— 
some being better than others—while to the work 
of some one could without hesitation upply the term 
best.’ Here, so far from our imaginary gang of 
diggers doing all the sume thing, we find that they 
are in fact’ doing very different things; at lenst, if 
it might he said that they were all digging, they 
certainly were digging in different styles and giving 
very different results. Nor would it be found that 
—although doing, us was said, all the same thing 
—they were doing it in the same way, It would 
not, indeed, take much observation to perceive that 
some would do their work, such a8 it was, in such 
@ manner as to demand great physical exertion, 
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“larding the lean earth” os they dug along; while 


others would work with such ease that, compared with 
the others, their work would seom more like play 
thin anything else, And one thing might be suid to 
be the fact---thul, as a rule, those who worked with 
the greatest ease to themselves would give the best 
work ; and if inquiry were closely pushed, it would 
alxo be found that those who did the best work had 
acquired skill, dexterity, und consequent ease, by 
patient thinking out of what their work really was, 
and no loss pationt practice in doing it carefully, 
till what was to them ow dilliculty at first became un 
easy thing ultimately. 

Completeness or Thoroughness in the Doing of any Work, the 

following out of any ‘' Art,” essential to Success, 

We have purposely devoted some space to the con- 
siderations in the preeeding paragraph, us they involve 
much that is of vital importance in the matter of 
technien eduention, They lear closely upon the prac- 
tical outcome of the definition of the term technical 
education we have arrived at from a tracing out of the 
meaning of the term technical, which, as we have seen, 
embraces more than one point. Whatever objection 
may be made to our definition of technical education 
—niunely, that it is simply the “doing of a par- 
ticular class of man’s work well” or thoronghly— 
it will be admitted that it nt lowat possesses this 
advantage, that it is simple and easily understood 
by wWli while it may reasonably be claimed for tt 
that it ix really correct, For, no mutter how high 
any given, work anay be in the seale of art, no one 
ean deny that the act of doing it) involves work, 
labour, or effort of some Kind. But we venture to go 
further, nnd maintain that this definition—simple and 
accurnte ns we hold it is—carries with it principles 
ora principle of the very highest practical importance 
to the workinan, be he one who is engaged in what 
may be the very hunblest of handieraft work, or in 
carrying out what may be the highest developments 
of thought, skill, and dexterity, This principle is 
thoroughness or completion, What we have written 
will have been given ino vain if even a somewhat 
cireless reader has not perceived that the very germ 
of any “art "—and we have seen how wide the seope 
of art truly defined is—the foundation on which it 
rests, ix “completeness.” No work, as we have 
shown, eam be said to be in the truest. the practical 
sense of the term, done till this completeness is 
effected. If we go to nature for our lessons—and let 
some mon (they are not, fortunately, many) say what 
they will to the contrary, she is our best, most sug- 
gestive, and patient teacher—we shall find that. she does 
nothing in a half way. To use the common expression, 
everything she does or makex is “rounded off "—that 
is, finished—nothing is wanting. And this is seen in 
her simplest, as in her most complicated productions, 
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And let it be observed here, as worthy of speeinl regard, 
that this completion carries with it the essential 
features of true dignity of purpose. There is nothing 
wean wbout the works of nature, One never associ: 
ites what we call shabbiness with any of her works, 
Bach one appetls with direct force to the conscience, 
as it were, of the beholder, in such a way that there 
is no thought of protest; the object carrying with it 
such aw conviction of truth as work well done ean only 
Kocure, And how thoxe appeals are—while powerfully 
made—not seldom made with a tenderness and a 
depth of feeling, lot the close students and lovers of 
nature say, as they best of all cnn say, Now, this 
completeness involves thoroughness. This we find 
exomplified even in common speech, for do we not 
on examining good, the best work—-especiully on com- 
paring it with other—say almost involuntarily, “ Ah! 
now that work is ‘thoroughly’ well done.” The two 
attributes aro, in fnet, svuonymous, or the one in- 
volves the other; for you cannot have eomplete work 
without thoroughness: thorougliness:-or, to use the 
phrase tautological, yet graphic, of a practical man, 
“thorough thoroughness "—gives completion, or, ax 
we otherwise say, “ finish ” to all work, 

The Definition or Meaning of the Term ‘ Art” involves the 


Idea or Principle of Thoroughness in the following up of 
any of its Departments. 


The very meaning of the term “art” involves or 
carries with it this perfect conception of thoroughness. 
This is shown when we go below the surface, so. to 
my, Of the word itself, Now, “art,” the full or 
extended aineaning of whieh we have shown to be 
simply expressed ino one word, “ work,” ix—us wo 
have already hinted at—derived from or based upon 
the Latin root a, to plough.  Tenee the term 
“arable” land that is, ploughed land, Now, let 
the reader who has not: given much thought to what 
ix invulved in the meaning of words, and of how 
much that is of the highest practical value in dnily 
life can be “dug” out from them, consider what tis 
derivative menns, What is meant by ploughing? 
Well, we confess that it is possible for some renders 
to have had little experience of country life. Not 
quite vo Ignorant of its work, we should hope, as 
avery clever artisan, who asked the writer of these 
lines. who was taking the really clever fellow round 
his garden, “ What are those tine green plants with 
such pretty white flowers?” The honest fellow, no 
doubt, had eaten in his day peeks of the produce of 
them, for the plants he knew not were green peas, 
in all the loveliness of their blowing stage—and only 
a lover of nature cun say how lovely they are, Not 
quite so ignorant of country life as this may some 
of our readers be, yet they may know so little of 
country work as not to know in what ploughing 
really consists. 
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THE TECHNICAL POINTS CONNECTED WITH 
THE EMPLOYMENT OF FORM AND 
COLOUR IN INDUSTRIAL DECORATION. 


CHAPTER TT. 

At the conelusion of the first chapter, as illustrating 
the point that true decoration doox not interfere with 
the nature or utility of form, we cited the case of a 
bont, and after drawing attention to certuin points of 
this, we stated that nono of its useful attributes must 
be done away or interfered with, While, therefore, we 
must not encumber its surface with forms which, how- 
ever beautiful in themselves, would still be excrexcences, 
ko that its speed be interfered with, we must not pierea 
its sides with wpertures, however graceful in outline 
they may be, through which the fieree waves could 
pars to ondunger its sufety. Now, however absurd 
such illustyation as this last may, by some of our art 
student renders be considered, this inuch we muy 
sifely any in its favour: that it is not more absurd 
thin illustrations taken from objects daily manufae- 
tured and sold ton placid publie as articles of art 
manitfaetire of high value as artistic productions, — Lf 
the reader will but think of and draw upon the stores 
of his observation, he will have no difliculty in bring- 
ing up the recollection of objects of art mauufactire 
socalled, which will amply justify our ilustvation ag 
being as absurdly decorated in relation to their uses, 
ns boat would be with its sides pierced with orna- 
mental aperturos, 

The Principles of Surface or Flat Decoration.—Outline 

and Qolour. 

Having thus directed the attention of the art 
student to the grent principle which should dominate 
all his work in the direction of the form of solid 
bodies, or in “the round” as the technical term is, 
we now take up in like brief manner the subject of 
the decoration of £lat Surfuees, This is, of necessity, 
one which has a very wide range of objects. It 
embraces the decorition of walls, or of the paper 
pasted on them, which modern taste seems go uni- 
versilly to demand; it includes the whole range 
of textile fabrics, such as the carpets we cover the 
floors of our dwelling: houses with, and this with not 
always w strict observance of sanitary laws, and the 
numerous fabrics uxed in the clothing of our persons 
—the calicoes, the woollen goods, the silks and the 
velvets, as also the laces, which, if they do not always 
adorn the forms of beauty, serve, ns cynics sy, to 
minister to the love of display and foster vanity, So 
far, then, as to the scope of the subject, 

The art student must at this stage take note that 
avery important point enters into the discussion of 
this subject of art treated ns flat surfaces, Titherto 
we have had only to consider the subject of form or 
outline. So «also in the department under notice form 
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or outling is to be taken notice of; but another 
element comes also into existence os influencing the 
practice of decoration of tlat surfrces—-namely, colors, 

The subject, then, divides itself into two depart- 
ments of trentment—tirst, the outlines giving the 
form, shipe or configuration of the flat surfaces, and 
second, the colour with whieh those surfaces are 
decorated or tilled in. The student will of course 
understand that there are xome subjects or designs 
which are in pure outline only~-thut ix, upon flat sie 
faces—which designs are not coloured ; just as there 
aro some designs whieh are coloured, and it is to these 
last that the principle above indiented is applicuble, 
But preceeding the notes on coloured form, the ilus- 
tration of the points connected with pure outline or 
flat surfaces only will tirst engage our attention, 

Of Pure Outline or Form,—-Principles of Decoration, 

Here the principle to be borne ino mind may he 

stated thus. Ina picee of well concerted music the 


2 
| 


Pig. 2. 
nates must, so to say, flow inbo each other, so flint no 
jarring discord be created —in other words, (hey must 
harmonise. So in fomming any outline or configu 
tion— or “ pattern,” to uke the popular phrase --the 
lines making this up must flow into each other in 
auch a way that, to employ the expression above used, 
they must “harmonise.” What we inean here by 
lines harmonising will best be explained by the follow- 
ing: Lines must flow into one another, so thit when 
they meet, the junction of the two must not produce 
any harsh lines, such us a bend or knee or projecting 
part, as in fig. 2. This is further illustrated by the 
ornament culled the “Greek honeysuckle,” or antheneion, 
in fig. 3. This, the lower portion («), we call the 
husk, and from this all the lines spring, ouch one of 


23) 


which flows into the husk in such a way that it would 
not if produced or lengthened either cut into the body 
of the husk, or proceed to the centre. When properly 
drawn it is compelled, so to say, to flow into the 
husk. Jn fig. 4 we give an illustration of the Assyrian 
anthemion, oy honeysuckle. In the Greek form of 
this ornament the leaves or lobes are not uniform, 
but. vierv up in some instances to as high as fifteen, 
being decided apparently by the caprice or will of 
the designer; but in this the same principle of 
druwing the lines is carried out, so far as the orna- 
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ment itself is considered, or rather its details. In 
the Assyrian c«athenton the number of lobes or 
lenves is nlways seven —three on each side of the 
contral lobe b—while the three lobes ¢¢ are joined 
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us in the sketch tig. 4, not separnted, as at in fig, 3. 
The lobes also in springing rise from a dise a, and not 
froma husk, as at a@ain tig, 3. And each lobe is cut 
up or ornamented by the lines shown, whieh is called 
the water-mark, In fig, 5 we give another form of 
the Greek anthemion or honeysuckle ornament. Tn 
this the lohes aa do not spring from a husk, as at aa 
in fig. 3, but from 64, the central point, ¢, between 
Which terminates with a point as that of a leaf, 
The student must take special note of the principle 
here involved, inasmuch as it applies to the whole 
work of ornamental drawing of outline subjects, 
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What is here true of the simple subject, os illus 
trated, is equally true of all subjects, however com- 
plicated. This important principle the student will 
find exemplified in any ornamental drawing correctly 
done he pleases to examine, but for the younger of 
our readers we have illustrated it by the foregoing 
sketch, fig. 3. A more detailed drawing of this will 
be found in its proper place in the compnnion series 
of papers entitled “Tho Ornamental Draughtsman.” 
In the simple sketch given in fig. 2 the young 
student will see how, if lines were incorrectly 
drawn, in place of flowing into the main line they 
might shoot off if produced or lengthened in some 
direction at any point, as shown, suy at the dotted 
line @ in the sketch, If he will also look amongst 
the subjects illustrating “The Ornamental Draughts- 
man” for that study in which the Greek seroll is 
first given, he will find this importance of harmony 
of lines further and most conclusively illustrated, 
Further illustrations and hints as to what ix the 
technical part of ornamental drawing, or the mauipu- 
lative execution, the pupil will find in the letferpross 
descriptive of the plates and figures given in the 
paper entitled “The Ornumental Driuglitsman,” So 
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also he will find in sueceeding chapters of the present 
paper illustrations showing the application of the 
gener] principles of design to what ix called manu- 
facturing or industrin] art, and further description 
of the points now in this chapter enforced. 
Colour in Decoration. Importance of the Subject. 

In the preceding paragraphs we have directed the 
attention of the reader to various points connected with 
the application of form to the decoration of various 
objects. We have yet much to sy on these points, but 
our remarks will come in more appropriately when 
we take up their practical application to various 
departments of decorative work, such as paper hang- 
ings, textile fabrics, as ribbons and printed calicoes 
and furniture stuffs, etc, etc. Meanwhile we have, 
as introductory to those subjects, and also as illus. 
trative of various points of importance in iteelf, 
now to take up the subject of “colour.” 
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THE TECHNICAL STUDENT'S INTRODUCTION 
TO THE GENERAL PRINCIPLES OF 


MECHANICS. 
LAWS AFPECTING NATURAL PHENOMENA—MA?TTER AND 
MOTION, 





CHAPTER ITI. 


General Statement as to the Proposed Mode of Treatment of 
the General Bubject of the Prosent Paper. 


Axp lere, before proceading to give our remarks 
on the leading subjects of our papers, a few words 
we deem necessary as to the mothod in which 
they are arranged, and of the principle on which that 
arrangement is for the most part based, That 
principle may be briefly described as taking up the 
subjects in whit we consider to be their natu] 
sequence, For example, there are certain terms which 
nre met with in nearly every mechunienl description, 
which are concerned with and named repeatedly in 
the enunciation of every mechanical law, and which 
terns indicate conditions without which no arrangement 
of mechanieul parts or combinations can be made to do 
mechanical work. "These terms we take as the starting 
point of our dixquisitions on the natural laws on which 
all mechanism is dependent, and which give existence 
to, modify and control the condition of all the 
materiils which are used in the consteuetion of 
machines, nnd of all the substances with which 
machinery in industrisl work has to deal, And as 
we proceed to describe what those terms are which 
ure used in connceetion with mechanienl devices oy con- 
structions connected with them, we shall find that other 
terms indicating other natural Jaws and conditions 
flow, soto say, meuturully and consequentially out of 
them, These in turp we shill take up and consider, 
and those in turn will have other laws and conditions 
which in like manner proceed from or flow out of thein 
coming up also for consideration; we shall thus by 
in exhaustive process tuke up and deal with all the 
points connected with the naturmd phenomena affecting 
or rather underlying all the work with which the 
practionl mechani¢ has to deal. 

Further Considerations of a Practical Character connected with 

the Proposed Mode of treating the General Subject, 

And here, as explanatory in some degree of the wayin 
which we shall curry this arrangement, of subjects out, 
and for other rensons which shall presently be obvious, 
we deem it necessary to allude to what mny be called 
n special charncteristic of the present times -namely, 
a tendency which seems to our inind unfortunately 
a® growing one, to discuss and consider mechanical 
subjects or laws which deal obviously and alone with 
material, or as they may be called mechanical points, 
in an abstract way, which is nlmost if not wholly 
metaphysical, We ure of course far from maintaining 
—-which to maintain would be simply absurd—that 
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mechanical laws and considerations do not involve 
points which are intellectual, and being so, must to a 
certain extent involve those connected with meta- 
physics or the science of mind, otherwixe and often 
termed “mental philosophy.” It is seareely necessary 
to siy that on the contrary we hold, what is in fact 
incontrovertible, that the study of mechanics and the 
laws which regulate its praotical work, involves and 
demands the exercise of the highest intellectual or 
mental powers, But what we particularly refer to in 
the above statement ax to the present tendency of 
discussion of mechanical subjects is the application to 
it of that branch of intellectual training which is best 
known by the name we have applied to it-—" meta- 
physical.” Now, without in any way detracting from 
the value of metaphysical dixquisitions, or, ax we muy 
put it, logical argumentations, we ivy in all modesty 
decluve that in the application of this method to the 
discovery of mechanical Inws, and subjects dependent 
upon those, a danger is likely to arise of groat practical 
moment to students, and of those especially tho 
youthful. 


Danger arising to the Student of Mechanios from loosely 
indulging in Qonjecture or Hypothesis as to certain 
Natural Phonomena, 

What this danger is we shall presontly very briefly 
wlude to, more special ustration of it being met 
with in succeeding paragraphs, Without attempting to 
be very precise in our definition of the characteristies 
of the metaphysical method of discussing subjects, we 
may with some sufoty decide that Metaphysics 
considered ns a scence has as a rule to do with 
“abstract” thought, ~Meechanick as a science with 
“concrete” considerations, These terms here placed 
in inverted cominas may be explained in aw way quite 
practical enough for our present purposes when we 
muy that Metaphysies may be said as a rule to deal 
with conjectures or hypotheses—Mechanies with frets. 
Engineering, which ix but a more comprehensive tern 
for the last named science, has bean, and as we think, 
as truly as aptly, termed “the science of observie- 
tion.’ Now, in the truly practical sense we can only 
observe facts that is, the condition in whieh things 
aetualy exist around us, and which we ean make 
available in one way or another, and adapt to the work- 
ing purposes of daily life, And it is upon the fits 
which » Jong ruceession of generations of mechanies 
have observed that the magnificent structure, so to 
eall it, of mechanien! and engineering work we see 
everywhere around us is based and has been reared, 
Now, the danger which we fear is likely to urise --hius, 
indeed, arisen in the experience of more than one youth- 
ful student of mechanics—from the tendency to disetiss 
and decide mechanical subjects metaphysically, thut is, 
by the aid of assumptions and conjectures, ov to une the 
more lenrmned term hypotheses, is crented in this way 
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It ix admitted on all sides— whut indeed could not, with 
many show of reason, be denied, however pleasing to the 
vinity of man if it could be denied—that there are in 
connection with a pretty wide variety of whut we 
eal] scientific subjects, some things of which we know 
nothing, thut ix, we eunnot say what they are, Some 
of these things have been ulvendy named, so it is not 
necessary farther to allude tothem, But if we do not 
absolutely know what those things ure, we may however 
conjecture, in other words guess, at this, No one could 
fora moment dispute the right of any other to say what 
he thinks such and such things are. But what is the 
rieht of one is clearly the right of all, Henee we may 
hive, in connection with but one natural phenomenon 
or cliss of phenomena, not one but sovernl kinds of 
conjectures, or a great number of guesses, or what may 
he called theories, Tn such enses theright or the learned 
worl to use is & hypothesis,” and ¢his moans pructically 
aoguess. Tt is derived from the Greek Aupothesia, 
whieh menus a thing “ placed under ”—in other words 
a xupposition, this word itself being derived from two 
Latin words, avd, under, and pore, bo place, Lf we 
have, for example, a hody before us, we can see it, 
handle it, and possibly, if net too heavy, move it: the 
hody itself is what weealla faet, about which no one dis- 
nites so fiaas /isconcernud. tis there, and there it 
reining to stare us in the free, asserting itself the fact 
that it exists. Dut if, noteontent with this, we desire 
to know what it da what it is absolutely and truly 
composed of) and we find on examination that there is 
seh a peculiarity about it, that while one says it is coms 
posed or amade up of one thing, another siys another, 
and soon, Wwe would searecly blame one who eame 
forward and said ©You Ava absolutely nothing 
ahont dt, -and if yon were aware of the fret that 
generation after generation of men had passed away 
all of whom had been teving to find out what the 
body was composed of, but eould not, you would 
not Te surprised to be told that you not only do 
not know now, bul verv probably never will know,’ 
Now, all that has been said about this supposed 
body, us to whit it is or is composed of, nre enlled 
“hypotheses,” suppositions, or guesses > and the sume 
holds or may hold trne of what ean be done with the 
hody or how it can be used, seen, handled or moved, 
Take the moving of the body, for example-—which is 
done say by the hands pressing on it, by exerting what 
we ell the power or force of the arm, One finds that 
he cane move it, and this power we in like manner have 
nereed to eall by the name of force, uid in this instance 
the museuliy force or the power of the body. Why 
{hose dimes are given we shall see presently. But 
Whon men begin, Just as we suppose they did when 
trying to tell what the body was, of which thev knew 
nothing-—to try to tell what this something thoy agree 
to cull * force” is, we find that one savs it is this or 
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‘caused by this, another that and caused by that. 


And so one may come forward und say, as before ‘You 
know nothing about it in reulity, any more than you 
know nbout life what ¢# ¢, and are not likely ever to 
know.’ 

But while it is not given to man to know certain 
things about bodies or substances (and it is those with 
which the mechunie has to deal), enough is given him 
to know about them, thelr propertios, and what they 
do, or, ux engineers sny, how they “behave” under 
certain circumstances in which man places them : in 
other words, all the phenomena or facts concerning 
them. Now, do not let the youthful render suppose 
that we depreeate the attempt to explain what those 
substances really are, we menn in this their ultimate 
or fined cuuse, or what those influences really are. to 
which we have given certain names—whiech bring 
about or cause certain offeets, which we el phenomena. 
Tt is not merely ow legitimate exercise, but it is a 
hencticial exereise for the mind, to make suppositions, 
form conjectures, or frome hypotheses, or what are 
enlled “theories,” to account for all those phonomena 
about the circumstances of bodies or substances: nay, 
more, hypotheses or theories have w positively useful 
place, ATL that we now contend for is, that in things 
nnd upon points which every one admits we know noth- 
ing absolutely certain of, and therefore only conjecture 
or guess about, we shall not insist upon ov or any one’s 
eonjeeture we may espouse or support, being correct, 
and that simply because we ourselves believe in them, 
we expect thi, others shall do so also. But we would 
go further, and suy that as we have, fortunately for 
the progress of man, facts cnough about bodies and 
substances which we do positively know, for we have 
the evidences of our senses in proof of their existence 
inn very marked, and not seldom in a painful way, 
—it is the wisest thing to do to frame hypotheses or 
propound theories which fit in so well with facts 
that the common sense of nearly every one tells 
them that there is nothing incongruous or contra- 
dictory between them, And further, that no demand 
is mule by the theories upon the mind to believe in 
and understand things which, from their very nature, 
and indeed from the very words and terms used to 
describe or explain them, common sense as a rule tells 
us are in reality beyond the comprehension of most 
mindy, simply becuuse this snine common sense tells 
us that we cannot positively be certain of their exist- 
ence, Now, the very diversity of opinion to which 
we have alluded is shown in many of what are 
enlled theories of mechanics, and in this very diversity 
lies the proof that men know nothing absolutely of 
what the theories are based upon. Men do not dispute 
about what every one is agreed about: two and two 
every one knows to be equal to four, and as all believe 
in thia no one disputes it, 


THE BOAT AND SHIP BUILDER. 


THE BOAT AND SHIP BUILDER. 


QUTLINES OF THE PRINCIPLES AND PRACTICE OF HIB 
ART, 





CHAPTER I, 
Introductory. 
Frou the title to this series of papers as above 
given the reader will perceive that the seope and 
scheme of the subject is comparatively limited, And 
this we desire to draw attention to at the outset, For 
if more than an “outline” of the principles and the 
practice of the art of the bont and the ship builder 
were attempted, we should be committed to a much 
wider subject, demanding a far more extended space, 
than either the character and atins of the Tecunican 
JOURNAL or the xpace ab commind will admit of. Nor 
necd this be matter of surprise when the exceedingly 
wide runge of subjects to be noticed, the importance 
and complicated nature of their principles, and the 
number, the almost endless character and diversity 
of the details of actual working practice, are con: 
sidered, When the fact is here alluded to, which to 
those nequainted with the subject is familiar enough, 
that even a® moderitely complete, but far indeed from 
a thoroughly exhaustive, teactiment of the art aud the 
science Of boat and ship building demands a volume 
of no small bulk, and that ponderous qrurtos and 
portentour-looking folios have heen written upon 
them, the render will at onee conelude that, however 
great the anxiety of the writer of the present series 
to present him with a full and moderately exhaustive 
(routise on a subject so wide, the very nature of the 
present work precluded all chance of his being able 
co reaiiae his wishes, and that, therefore, he was, how- 
ever regretfully, compelled to Timit his papers to an 
outline only of the principles and pruetice of the 
art. But on looking at all the circumstances, alike 
those: connected with the specinl charneter of the 
Trcustean Jovrnatand those of the bulk of itsreaders, 
it is not so much w matter of regret that the present 
denies of papers will only be this “outline.” Bor it is 
to he remembered that toa lurge extent the Journal 
Ix designed to be a help to beginners in the study 
of the subjects which will occupy its pages; those 
subjects being expressly introductory to many who 
have not previously been acquainted with them, or if 
they were, possessed only the most meagre and limited 
of iuformation, The various papers are designed to be 
largely educational, although much will be given in 
them, if only in the way of hints and suggestions, 
valuable to those having a wider, if not a thorough 
knowledge of the subjects, and who may also be 
engaged in their practical work. Nor must this fact 
be overlooked: that while cluiming for our paper the 
character, and with it the apparently limited nature of 
outlines,” those outlines will be found, it is reasonably 
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hoped, very full nnd complete, considered as such. They 
will in reality comprise a fund of information as to 
the principles, and embrace a variety of details in the 
practice, of the art of boat and ship building, that to 
any reader carefully studying them this promixo may 
be safely made, without much fear thot it will not be 
rewlised—that he will possess more thin a mere general 
knowledge of the art; in reality a very fair conception 
of what ity practice is, and how he can apply it use- 
fully. 

Some Considerations of Technical Value connected with In. 


ventions of the Boat and Ship ass means of Conveyance 
from Place to Place. 


There ure few branches of the work of man in which 
what ure culled mechanical pringiplos ave involved, 
which when traced back to their origin do not atford 
much that is interesting, and (what ix of more con- 
sequences to the practied render) that is usefully 
suvestive, Ibis not always, in truth but very seldom, 
that we are able so to retmiee the siiccossive stupa which 
Mwa— eneration succeeding generation —took in per- 
feeting any one branch of his manifold work, till we at 
lust arrive at the first advance which was made, and 
the dominating idea or conception of the work, and how 
Gho loading charaveteristies of the mode in whieh it 
wits likely best to be effeeted was obtained. Some of 
the most essential contrivances in the doing of mechani- 
ml work, such as the crank ; some of the most useftl 
of our incdusteial machines, suchas the potter's wheel, 
have their invention or origin so shrouded in the mists 
of bygone yours, that all we ean suy we know of them 
ix that woe know nothing. Tet us go back as for us 
we quan, to the timesin which facts and cireumstinces 
wore recorded in one or other of the forms of hiero- 
glyphies, sculpture, or in the more evanescent written 
words: we find that certain mechanic contrivances 
were then in daily use or so trented as well known 
things, that of them tho expression so offen ised. is 
almost Jiterally true—that they have been known for, 
have oxisted from, time immemorial. And in this con- 
nection it is worthy of all careful notice by the young 
reader, as if only he endeavour to think it onl, 1 is 
suggestive to him of much that will be of valne to 
him in the conduct of his working life, that wo know 
nothing of the origin or what may be called the inven- 
tion of even such simple mechanical contrivances as the 
nail, the screw, the carriage-wheel—with which man 
hax been so long familiar that their value is thought 
nothing of, although that is simply priceless, Hven 
granting the means of permanently recording the time 
when such simple contrivances were first thought of, 
and the man or men with whom they originated, or 
the period at which, by successive steps, more com- 
plicated contrivances were brought to such a condition 
of comparative perfection that they could he used with 
certainty and effective purpose, the truth would seem 
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to be that those who in the case of a single, and what teaches us, the truth seems rather to be that, 
we in the loug acquired security of its possession call even in the oe of simple eonbeyences which some 
simple and deem not even worthy of a passing thought, one has called units of Invention,” it took a long 
or the succession of men who brought more complicated series of trials, extending over many years, to 
contrivances to useful perfection, thought very little bring them to the condition in which we now find 
indeed of whut they had done, So little that probably them, Thus, take the case of a o.rriage-wheel or that 
they nover named their work even to their neighbour, of a common barrow, Simple as this appears to be, it 
but simplyallowed a knowledge of it to bespread abroad ia the conclusion of one of our highest mechanical] 
in the ordinary natural way of others observing it, authorities that it took generations before it wag 
and adopting it, simply because they saw what was finally elaborated. That this was likely, the young 
of use to another could be useful to them, The first reader may conceive if he attempts to trace the steps 
inventors and improvers probably thought no further by which the wheel was brought into existence, From 
of what they had succeeded in doing than that it the time when---and for long it would be so in 
fucilitated their own work and rendered labour not the earlier stages of mun’s existence—he would 
only lighter, but possible, which beforehad been dificult laboriously drug, siy the trunk of some prostrate troe, 
to be done, or not likely to be done at all, We find from where it had fullen to some spot where he 
the same thing existing now amongst us,and evidences wished to make use of it (see the papers under 
not afew ure to be found in proof of it, that mostinge- tho head of “The Carpenter” in this Journal ), by 
nious, most useful mechanical contrivances have been, to sheer force of his muscular strength or that of his own 
nsvafimiliarexpression, uncarthed by someone ueciden- and of others combined,—it might be by design or 
tally becoming aware of their existonee ; and the same — xome fortuitous thought that he would gain some- 
enn be said of discoveries in conueetion with some in- thing by it in the way of making his work and that 
dustrial or chemical processes. Their inventors or diss of his neighbours more easy of accomplishment, that 
coverers have in reality in such cases thought little of — he placed under the huge and heavy tree trunk the 
them, their ehief concern in the matter, as indeed their holes or branches of trees of comparatively small 
Sut it is much more probable that 


only satisfaction, being that they were useful to them diameter. 
in their own particular labour; and dreamed but little those got placed by accident. Anyhow, it would be 


Of the facet that if only known they might be useful to found that, so placed, the heavy tree could bo dragged 
thousnnds of others in their work. Tuventors and over the ground with prenter ease than before, when 
dliseoverers nowadays have, it is true, the reputation, there was no smidler trunk or branch or branches 
not by any means charitably accorded them, of being — below it. The idea, then, of the “roller would for the 
vain and over-sanguine ns to the wonders which — first time be obtained~—s simple enough contrivance, 
their inventions and discoveries nre to efleeti; but truly, but ono whieh plays at the present day so 
ois just as drue that there have been inventors, important a part in such an extremely wide range of 
not a few, Just as humbleaninded, who have done technical and industrial work, that its value is 
good work, of which the world had remained igno- beyond all computation, By shortening the roller— 
runt, had nob eirenimstances called in the language — that is, by cutting up our supposed original form of it, 
af the world chanee—better put in the words of the branch or bole of « tree, into a series of short 
the old poet, but that chance the good God did guide” — lengths—-the form of circular or round, and more 
— brought them to the knowledge of those who at once or less thin or flat dises, would be obtained. And 
naw their value to the world at large, There ure but when once the idea of boring a hole through one 
few of Jong extended experience and observation in of these and then passing o pin through (one of 
daily technical life but who have come across at least smuller size than the hole), and securing the pin to 
one Instance in proof of this; and if there be, us some a fixed point, the wheel capable of revolving on the 
say, little doubt, there is at least fair ground to decide pin, us its axis, would be obtained, And if, as may 
that this accounts largely for the fact that we know be reasonably assumed, the Aand-barrow, or simple 
xo little of the early history of those inventions and wooden platform with projecting handles at eich 
discoveries to which the world is much indebted, end, and used to carry objects from one point 
Another point highly suggestive to the young to another, had been before discovered—and even 
technical render is that. some of those mechanical this, simple ns it is, is a mechanical contrivance 
contrivances Low appear to us xo very simple that involving design—if the flat dise was firmly fixed on 
we are apt to conclude that they were invented its pin or axis, and this pin made long enough and 
and discovered at onee, springing, so to say, at once small enough at the ends to pass into two holes one 
into perfection—“ Minerva-like, all armed from the unde in the end of one handle of the barrow, the 
brain of Jove.” But from all that we can Jenrn, other in the other handle opposite, the wheel-barrow 
certainly from all that carefully examined analogy would beinvented, by which a man could trundle along 
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by himself, not waiting for or requiring the help of 
a neighbour, as in the use of the hand-barrow, as 
great a weight as before, and with grenter ease. An 
analogous case in the steps taken by which usefal 
appliances to lighten human labour nnd facilitate 
its accomplishment were gradually brought to a useful 
point may be seen exemplified when we glunce very 
briefly nt 

Some of the Points of the Invention of a Boat or Ship. 

A tiny boat floating lightly on the water appears 
to be a very simple thing indeed. So simple, that of 
the great majority who Jook at or uso it for pleasure or 
for buginoss, not one in a thonsand —and, for the matter 
of that, this lust figure might safely be multiplied 
by ten-—evor vives even a passing thought as to what 
it really is, and to all the marvels of hhumun know- 
ledge, und of long tried years of pxtiont endurinee, 
of risks of necident, of dangers to life and limb—in 
brief, to all the real romance which the boat in its 
history us an invention or discovery involves. Louvking, 
indeed, at all points of it, it muy well be concluded 
tliut of all that man has found out—and through all 
his history it has been true, as the patrinvch of Uz 
in the plaing of Syria said thousands of years ago of 
him, “that he hath found out many inventions "— 
not one gives greater evidence of whit he cu do 
than a simple bont, Tho more we look at it und 
endeavour to penetrate what are the seeretsa of its 
birth and development till it has become the beautiful 
and perfect thing we now know it to be, the more 
we wre inclined to agree with Ruskin= of all “ word 
punters,” as writers of his high stamp are called, the 
highest—whon he suys, “ There is an infinite stange- 
ness in the perfection of the boat; ay a work of 
human hands I know nothing else,” he continues, 
“that mun does which is perfect but this, All his 
other doings have some sign of weakness, of aflecta- 
tion, or ignorance in them. They are over-finished, 
or under-finished ; they do not quite answer the end, 
or they show # menn vanity in answering it too well.” 
Heis here writing, the reader should note, of a simple 
rude fishing boat, with its blunt head or prow, And 
of this he continues: “ But the hont’s bow is merely 
perfect, complete without an effort; the man that 
mude it knew not that he wus imuking unything 
beautiful, as he bent its planks into their mysterious 
ever-changing curves. It grows under his hands 
into the image of a seashell, the seal, as it were, of 
the flowing of the great tides and streams of ocean 
stumped on its delicate rounding. He leaves it, when 
all is done, without a boast. It is simple work,” 
But, as elsewhere in the same paper Mr. Ruskin 
says, “ That rude simplicity of bent plank that can 
breast its way through the death that is in the deep 
pea, has in it the soul of shipping... the sum of 
navigation’ is in it. “Then also it is wonderful on 
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account of the greatness of the thing aczomplished., 
No other work of human hands ever gained so much. 
Steum engines and telegraph indeed help us to fetch 
and carry and talk; they lift weights for us, and 
bring mexsiges, with less trouble than would have 
been needed otherwise. This saving of trouble, 
however, dves not constitute a new faculty, it only 
enhances the power we already poxseas, But in that 
bow of the boat is the vift of another world. With- 
out it, what prison wall would bo xo strong as that 
white and wailing fringe of sen? What maimed 
creatures were we all, chained to our rocks Andromeda- 
like, or wandering by the endless shores wasting our 
incommunicable strength, and pining in hopcloss 
wealth of unconquernble waves! The nails that fasten 
together the planks of the bont’s bow are the rivets 
of the fellowship of the world, Their jron docs more 
than draw lightning out of heaven--it leads love 
round the earth.” We make no apology for giving 
here those beautiful words, embodying, as they do, 
nO Joss beautiful and snggestive ideas, They will not 
only give to our readers who are interested directly in 
ship building and in shipping a higher and more 
ennobling conception of their eraft, but will be rend 
With pleasire by others who only rend these papers 
for general information and for that love of all things 
connected with the sew which is in very timth the 
heritnge of all Knelishmen. For we are essentially 
wsxon loving, & xen traversing people 5 its waves give 
us music as they boom their billows on the rocks 
which gird our ishind homes the winds which, sweap- 
ing over them, shrick in the cars of other peoples so 
Wildly, but whistle tunes aloft to our hardy sailors 
as they pace below the decks of the ships which are 
their pride us they constitute their strength, To 
our sen-goIng enterprise and daring we owe all or 
nearly all that wealth of powor and position which 
luis made us the masters of the world, of aun empire on 
which the sun never sets, And all this has come out 
of and from that simple thing in the eyes of many, a 
boat—by whom first thought of, first inade, how, when 
and where made, we know nothing, History, however 
curnestly and beseechingly inquired of, is all silent as 
the tomb. 
Origin or First Elements of the Boat. 

But although history is all silent as to where the 
first bout was made and Jaunched, and still more so, if 
that be possible, us to bow the first conception of it 
arose, and how the idea was practically carried ont, 
still conjecture is left us as to what were the probable 
steps by which, from the siinplest elements, the first 
and rudest boat was produced, Such conjectures may 
hy some be thought practically useless, or at the best 
only interesting and perhaps suggestive ; but we hold 
them, in instances such as the present, to be highly 


valuable, For if they do nothing else, they urge and 
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promote thought, and this leads to observation of 
the world of facts and circumstances around us, And 
throughout as yet in the pages of this Journal, as we 
hope will be one of its fextures in the future, we have 
inuintained, whenever opportunity has offered, and 
will maintain, we trust, when it again offers, that 
the habits of observation and of thought are of 
essentin) value in all tech:ical work ; without which 
that work will be of the poorest, but the career cf 
hin who possesses them uo: of tho most unsuccessful, 
Conjecture, thon, as to (! 2 oriyin of the boat may 
tuke more than one, if not many directions: 1t may 
ake this, Mnn would learn in:mediately, by the habit 
of observation, the first power which could point to 
him the way of every discovery of things and facts new 
and before unknown to him, that of all the objects 
by whieh he was surrounded, stone if thrown mto 
Water would sink, and wood would floit in it. And 
if living by the banks of rivers he would sec, in times 
of flood, trees and branches of trees rush past him in 
the wild whirl of its waters. Aud now and then be 
might seu, seeurely standing on the surface of some 
larger teoe than usual, often half submer.ed, but still 
na nrile above water, some living thing, as a dog or 
sheep, earried down by the flooded water from sone 
distriet above that in whieh he lived ; and now and 
then two oor anore trees with interlocked branches, 
affording as wider sarfice than that given by a single 
tree, on Which might be piled up a confused heap 
of pieces of Tesser-sized trees or of Tirauches, struw 
and other things—ond yet aguin, above all, and 
securely. carried along for the time, some living 
thing, He any before, having learned from the tirst 
that wood would “float” or swim” (ae@ a paragraph 
presently to be given, in which the scientific weaning 
in relation to the art of bout and ship building will be 
explained), lave trusted himself to some trunk or 
large branch of a tree, aud, half supported by it, half 
sWinuning, paddled himself aeross some broad river. 
But us small trees could be more readily got, beewuse 
inure easily cut or dragged down, aud as the result 
of thinking out what he liad observed in the things 
xWopt yust his hut on the flooded river, as above 
described, he would see that by joining small tree 
trunks or branches together, and adding to their 
depth by piling one upon the other and binding 
them all as securely as he could with rushes, withes 
or winds —the first vegetable fibre “ ropes” man had 
at command—he might get a something which, when 
flonting In the water, might do more than transport 
himself: might earry himself and his neighbour, and 
perhaps some of their simple goods and chattels, acroxs 
the river in safety and drvshod, This the first realisa- 
tion of the “raft” would give him very practical con- 
ceptions as to bodies floating or swimming in water, 
und capable of being moved from place to place, But 


the “raft” would possess some qualities which would 
make it less useful to the early pioneers of civilisation 
Its very weight would make it dificult to be 
moved, in some cases at all, by the power at hand: 
its form, if moved, would make its motion glow snl 
not easily and readily guided and controlled; while 
its power or capability of carrying heavy loads, while 
very useful in some great emergency, or on Rolitary 
and special occasions, would not be required in the 
great majority of instances, whore what would be 
needed would be something which would carry himself 
only, though without foar of drowning him in the 
water, and which could be moved along, paddled or 
somchow propelled, with little muscular exertion, and 
the form of which would not hinder, as that of a raft 
would do, but would facilitate, its passage through the 
water. The trunk of « treo would again be reverted 
to, or originally taken up; und probably tuking a 
lesson from the tish, which he would now and then 
eateh by hand in the river, or from some of his 
own actions or movements in swimming—for man 
would probubly learn very enrly to swim, as the 
only means at first of crossing deep waters—he would 
taper oft the front part of the tree, to give it a sharp 
beak ; und in time learn the value of doing the same, 
although to a lesser extent, at the other termination— 
though for long it would only be made sharp at both 
ends like, Thus the first conception of a “ canoe ” 
would be obtained, But it would be solid, and it 
would probably be some time before the value of a 
hollowed-out trunk of a tree as adding to its swimming 
or floating powers would be perceived. The hint of 
it might be given by observing the conduct, or, 1s 
engineers say, the “beliaviour,” of objects naturally 
hollow or substauces enclosing an empty space, —such 
ns he would have if, after sucking the savoury contents 
of the egg of some wild bird which he found, he 
threw away the empty and partly broken shell into 
the pool or the river beside, him, where it would 
swim, that is not sink, at least for some time. But it 
is possible that, without any thought of such # process 
helping to increase the flouting power of his solid tree 
canoe, but simply from a desire to make it more con- 
venient for one or other of his purposes as atiording a 
gafe and secure place to carry small objects he might 
iake with him in his long voyages, he might first level 
the upper side of his trunk canoe, and proceed to hollow 
it out. And he would in time perecive that the more 
he hollowed it ont, the more obvious relation 
there would be between the hollow and the power 
of floating of the canoe, Be all this os it may, 
and however probable it is that at a comparatively 
early period man saw the advantages of making a 
canoe or hoat capable of carrying weight safely across 
water in times of calm, hollow with their sides not 
scooped or burned out from the solid, it is certain 
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that it would be long, and only after patient trials, that 
he would be able to realise his conceptions, And this 
if for no other reagon than that it would be long 
before he had tools and appliances so perfect as to 
cul out and prepare the planks, and to bind them to 
the curve or shapo he desired ; and menuns, moreover, 
of tirmly securing them together, so as to retain the 
form and position given to them. When we come to 
look at the nctunl construction of a boat, we may be 
able more clearly to see what were likely to be the 
steps takon by early builders to arrive at its con- 
struction, TIaving thus given what we feel will not, 
nt least for our younger readers or those unacquainted 
with the principles and details of the art, be uscless 
or Unsugeestive, wo proceed at once to the considera. 
tion of the matter of the next paragraph, 


Boat and Ship Building at once a Science and an Art—Certain 
Definitions and Terms connected with the Science neces- 
sary to be known by the Reader. 

Ship building, using the term in its brondest sense 
o& including boats and flouting vessels of all kinds, 
demands an acqnaintanee with certain. principles, and 
which having to be known constitute its science (for 
definition of the term “science” see the paper ontitled 
“The Workman as a Technical Student---How to 
Study and What to Study”) These principles: are 
based npon natural laws, and are therefore fixed and 
invariable. Dut ship budding is also an art: jb demands 
work to be done in accordance with certain roles and 
practices, hough those are under the influence of cir- 
etnistances which are ever clanging, and are them- 
kelves brought into existence largely froin experience, 
KO that what is done to-day to effeet a certain object 
may tomorrow he proved to be, if not the worst, 
certrinly not the best or the right way to effect that 
object. lence the art of the work to be done in 
ship building has been a steady series of changes and 
fluctuations which so far exist now that there are yet 
many points in which practical men are not agreed, 
and which scientific men are yet debating, All this 
is almost equivalent to suying, what of course every 
one knows to be the fact, that the progress of ship- 
building has been one of continual changes, the great 
majority of which have been improvernents; so that 
cach generation finds itself in advance of the one 
preeeding, and the next hopes to be better than the 
present, What are the fixed principles necessury to 
be known— that is, those based upon the Jaws of 
nature, which never vary—-will now be attempted to 
be explained as filly as the nature of our plan and 
the extent of our spnee adunits of. This we shall do 
by taking np certain terms used in ship building, and 
detine those and such others as grow as it were ont 
of therm, Tu the series of papers given under the 
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head of “The Technical Student of the Principles of 
Mechunies” the reader will find, in the various para- 
graphs which treat of the “centre of gravity,” the 
principle which affects the stability of bodies resting 
on gold and immovable surfaces, according to the 
position of the centre of gravity in relation to their 
base, He will there also see how, whilo bodies may 
be overturned by changing the position of the centre 
of gravity by some force or another, other bodies 
having bases of peculiny form may be neted upon by 
a force or by forces so that by change of the position 
of the centre of gravity the position of the body 
While changed does not lead toa eonplete overtuming 
of it; but on the foree or forees being removed the 
vetion of the centre of gravity in secking to: return 
to its normal position brings back the body to its 
original position, earvies it bevoud this for some 
distanee, and this being repented, what is called a 
“rocking motion” ts produced, 


«Floating "— Swimming ” of Bodies,in Water. 


When we come do consider: the physical phenomenn 
of bodies placed not) on solid and stable surfaces, but 
in aamolale vehicle, suehous water, we sladl find that 
the principle which affeets: the stability and construc: 
tive utility of bodies resting on solid surfaces atleet 
ulso the constructive utility. of those whieh vest inn 
mobile fluid, such as water,  Lnosueh a ease the torn 
rest is notas a rule—is, indeed, seldom employed, but 
the body is said to flant in the water, The term, 
It ix curious to note, is derived from the Freneh later, 
or the Germann floss, or possibly the Anglo Saxon 
Hota, all of which signify ao river, just as if our 
ancestors in the earliest tines had diseovered as itis 
excoeodingly probuble that they did discover——the 
principle or characteristic of flouting by observing the 
conduet, or, as mechinies would say, the & behaviour” 
of bodies cust tuto or found in rivers or straanis, The 
other term sometimes employed in connection with 
bodies existing In aanobile vehiele, as water, is swim,” 
aldoas oa dnechanica) tem it os in frequent use, as 
when a body placed in witer is seid to “swim fairly,” 
—thit is, that it is well balanced, or, ns is also some. 
times said, if “sits well in the water” Phe tern 
“swirn fairly” is also in dneclianics applied to moving 
bodies or parts of bodies in motion whon they are so 
well desizued and constructed that the motion is ensy, 
without vibration, jolts, or jars. Although the term 
owim is derived from the German word seemnered, 
to float, it is universally considered to involve the iden 
of motion ins floating bodys hence the term | floating” 
ix that which is applied to bodies resting im and near 
the surfaee, and which do not sink to the bottom or 
helow the surface of the water, alfhongh it is true 
that a body which is swimming must a-0 be fouting, 
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THE BUILDING AND THE MACHINE 
DRAUGHTSMAN, 
GHAPTER III. 
We concluded the last chapter by pointing out that the 
defects in the drawing-board surface caused by the 
drawing “pins” could be in a measure remedied by a 
little appliance. This generally is made of a small 
circle of pure horn, or of other substance nearly, if 
not quite, tranaparent, and soft enough to allow of 
the point of the compass leg penetrating it sufficiently 
to give a hold or firm footing. The circle is provided 
on its under cide with three very short but sharp pins, 80 
pluced in the disc as to form a triangle, Those pressed 
into the paper at a point right above the centre of 
the circles to be described give a fixed and hard surface 
in which to work the compasses, But as we look 
upon prevention as better than cure, we should advise 
the young draughtsinan not to: use drawing pins to 
secure drawing paper to the board in a quick way, 
or for temporary purposes, If used at all, the only 
time nt which we think their use permissible is when 
the sheet of paper used ix so large that the corners 
ure quite cloxe up to the corners of the board, Tn 
this position, thongh the “drawing pins” do press 
und make holes into the board surface it will not so 
much matter, as their position will be such that they 
will rarely or never be at a place where circles or 
meusurements are to be made or taken by the com- 

PUSH, 

The Permanent Method of Securing Paper to the Drawing 
Board by Damping, Gluing or Gumming—generally 
known ae the Operation of ‘ Stretching." 

We now come to the fixed or permanent method 

of securing drawing paper to the beard. This is 
known as the “stretching” method, and when paper 
ix xo fixed it is snid to be “stretched,’—a term 
not applied to the other methods we have just de- 
xeribod, whieh ure simply alluded to as being fastened 
or secured, The stretehing method is dependent upon 
the fuet. that fibrous or textile materials contract or 
extend or stretch or “draw in,” in proportion to their 
hygrometric condition, or what is popularly said to 
he their damp or dry state. In currying out the 
stretching method of fixing paper to the board, the 
sheet. of paper is laid flat upon the surface of the 
hourd, with its finished surface—if the two faces or 
surfaces be differently finished, such as one side being 
glazed, the other dull-—placed under, or next to, the 
board, With a sponge. which should itself be clean, 
dipped in pure water, and squeezed out so as to be per- 

feetly dainp or wet, yet not “ dripping " or “dropping” 

wet, go over the whote surface of the paper. Ifa xponge 

he not within the reach or the pecuniary menns of 

the young draughtsman, a piece of soft linen or cloth, 
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such ag an old or well-washed and worn cotton hand. 

kerchief, will do wlmost equally well for Molktening the 

pauper. Some lnds are so poorly provided with money 

that the having a sponge even, or doing without it 

makes n difference to them; so that it is always 

tudvisable for them to set their wits to work to devive 
economical expedients, in order to muke the best of 
their circumstances ; and they will be none the worse 

hut all the better, for the discipline, It not seldom 
happens that those who struggle through want in their 
early days are so successful in their maturer life that 
their success is far beyond their hopes or even wishes. 
There is, even from a technical point of view, a vast 
deal to be learned from the familiar, and as some 
people would call it, the vulgar proverb, contained in 
the saying, ‘like the old woman who never wanted, 
because she always took that which she had at hand.” 
In no callings is the habit so valuable of resorting 
to expedients to find substitutes for what cannot at 
the time be obtained, as in those of building and 
engineering, After this digression, not altogether 
without its practical technical value, we proceed with 


our description. 


Principle on which the “ Stretching '’ Method of securing 
Paper to the Drawing Board depends. 


The object in moistening the paper is to have its 
whole surfuce so carefully gone over with the damp 
or wet sponge or cloth that every part of it shall be 
equally and also thoroughly moistened ov mude damp, 
so as to be perfectly flaccid or “limp” throughout. 
What ix wanted, as the ultimate condition aimed at 
by the process, is that each part of the paper shall be 
equally and uniforinly stretched, And this can only 
he secured by having the paper equally damped, as the 
stretched or final condition of the paper depends upon 
the equal contraction, and this cannot be secured 
unless it be equally damped ov moistened in tho first 
instance, ‘To obtnin this condition, or rather to be 
certain that it will be obtained, the sponging should 
be done xo evenly that the draughtsinan feels assured 
that be has gone over every portion of its surface, 
To which end let him begin at one end or side of the 
paper, say the left-hand end, and take one sweep of 
the sponge right to the other or right-hand, taking 
the next sweep, starting from the left hand agnin, a 
little lower down the sheet, till the bottom or lower 
edge be reached, Dashing at the sheet, ax some do, 
beginning at any point, as mere chance or thought- 
lexsness dictates, and rubbing the surface over in any 
fashion, is not likely to gain the object in view. If a 
thing be worth doing at all, it is worthy of being done 
in the hest way possible to the doer of it; and to the 
doing it in the best way nothing is so conducive as 
“order” and “method.” And he will find that order 
and method are esxential to the attainment of pro- 
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ficieney as a dranghtsman, and certain it is that if he 
be careless of order in small and what he deems to 
be unimportant things, he will be so in matters 
which je may consider important, Nothing, be 
it noticed, however, is unimportant whieh has to 
be done (xee the papers entitlel “The Workman 
as a Technical Student—-How to Study and What to 
Study ”). 


Practical Hints on the Damping and Stretching of the 
Paper on the Drawing Board, 


The damping of the paper will be best done if the 
ssponge be moderately, not too wet, as much water is 
apt to make the paper rise in parts, and be blotchy 
and uneven in the surface. It is, therefore, better to 
go over the surface several times with only a moderately 
wotted sponge or piece of linen, giving a little space 
between the spongings, in order to allow the moisture 
to penctrate the surface equally, The draughtsman 
can, by looking across the surface of the pauper ag it 
lies on the board, easily see whether all parts of the 
sheet nre wetted or nol; and when it is thoroughly 
limp, the same method will show him that the surfuce 
is vo far dry that no shining web part is visible on it, 


For this must be its condition before the next part of . 


the process is to be gone through. This is the re- 
versing of the sheet, so that the side which hax been 
kponged is made to lie nenrest the board, the un- 
sponged surface being now the uppermost one. The 
“reversing” of the sheet may seem to some young 
draughtsinen to be # process so easily gone through 
that it muy be done, as the phrase is, “anyhow,” But, 
like everything elxo which has to be done, there is a 
right wand a wrong way to do it—a bud, a good, a better, 
und the best. It is good discipline for the young 
draughtsman to aim at doing the best in all his work, 
and if he aims at thig in small, he will be sure to do 
80 in more important matters, The bert way, then, is 
to take hold of the upper edge of the sheet near each 
end, and as he lifts it up from the hoard, tu lift it +o 
that it becomes freely suspended or hanging down. 
Tn this suspended siate, and lifting it clear from the 
board, the sheet must be pluced so that the other side 
and its lower edge touch the board surface neur tho 
upper edge of the board, when the sheet is gently 
lowered ; keeping it bellied in the while, till the 
upper edge, hy which it is held in the hands, comes in 
contact with the surface of the bourd at its lower edge, 
All this, which is much more quickly done thun here 
described, is necessary if it be desired to have the 
sheet placod in its final position on the board without 
a crease ; for if the sheet should be taken up carelessly 
to be reversed ut one point only, as we have seen some 
young draughtsmen attempt to do, the creased or 
crumpled condition in which it will lie on the board 
will be anything but satisfuctory. 
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Practically Useful Hints on the Best Way of Handling, Lift. 
ing, or Examining Sheets of Paper or Sheets of Finished 
Drawings. 


And here it will be useful, while on the subject of 
the handling of sheets of drawing paper, to point out 
to the young draughtsman the proper and the im- 
proper way of lifting drawings or sheets of paper. 
You will seo one taking up a sheet to look ut, or 
hand to some one, with one hand only, and that very 
probobly-- indeed wo imy kay it iy done generally—at 
the extreme corner of the sheet. Ile evidently trusts 
to the thickness of the paper that it will give sutticient 
stiffness to the sheet, that it muy be taken up and 
looked at just as if he was taking up a piece of very 
stiff and thick cardboard or a piece of flat wood. No 
doubt, the sheet of drawing paper mny be, and is 
generally, stiff enough to allow of its being lifted up 
with one hand and at an extreme corner, But only 
for a time will the paper remain extended, the leverage 
exerted by the weight of the whole sheet, acting at 
one corner, tends to bring down the sheot so thut it 
begins to droop, to counteract which the holder almost 
instinctively gives the sheet a bend with his fingers 
xo as to partially corrugate it, and hy corrugation to 
give it such a strength as will sustain it somewhat 
extended, cither to be looked at or lunded to some 
one. Dut at what expensxo hax this heen attained t+ at 
that of the integrity or proper condition of the sheet 
itself, For this mode of handling almost of necessity 
gives tho sheet a bend, or wrinkle, or break, which is 
permanent, which no treatment enn get rid of. Not 
seldom have we seen careful drang)tsmon disappointed 
and chugrined by seeing a drawing of a most elaborate 
kind go lifted by some carcless, thoughtless fellow, 
as to give the treasured sheet such a lend that the 
flat, uncrensed condition which all good draughtsmen 
love to see their drawings in, and which they nye so 
careful to keep them in, was wholly and for all future 
time lost. So also will careless draughtsmen spoil at 
the very beginning, before a line of work is put upon 
its surface, a good sheet of paper in lifting and hand- 
ling it in order to use it for some purpose or another, 
Such is the improper way of handling drawings or 
sheets of paper. Tho proper, the truly mechanical, and 
if the render will permit us to apply a great: word 
to a small thing, the seientifie way of doing this 
“little thing” is this: Tuke hold of the sheet with 
two hands, a slight hold being taken at each diagonal 
corner, that is, at opposite corners, the left hand 
holding the lowest, the right the highest corner; and 
when so held, in lifting the sheet hollow the central 
part to hang down precixely like a chain, which will 
zo bring, if suspended at two points distant from each 
other w length less than that of the length of the 
chain. The curve which both the sheet of paper and 
the chain assume when so held is called, indeed, the 
“cateparinn curve,’ from the Latin word catena,o chain 
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40, The Bessemer Stee] Manufacture.—The Soaking Pit 
Process for Ingots, 


Tu18 is one of the most recent improvements in 
working up the steel ingots produced by the “ Bes- 
somer blow,” and it promises to effect as grent a 
revolution in the manufacture of steel rails, burs, ete, 
asthe Bessemer process effected In the making of steel 
itself, As the roiwder will find explained in the articles 
in the text under the titles “The Steel Maker’? and 
“The Jron Maker,” a large amount of expenditure ig 
incurred in the erection, the inaintenanees and the 
working of what ure enlled “re-heating furnaces.” 
Those in the ordinary methods of working up of the 
original misses of iron and steel into rnailx, bars, ete., 
are required in order to bring up the temperture of 
tho metal at certain stages of the rolling, ¢te, pro- 
cesses, the initia) or primary heat of the mass being 
too far exlinusted to adinit of the process Deing 
tinixhed, The new process, so far as Bossemer steel 
ix concerned, enables the intaal heat of the ingot, as 
itis tuken out of the ingot mould, to be so eeonomised, 
or rather dealt with in’ xo special and effective a 
manner, thet steel rails can be ude or rolled into a 
finished bar without auy process of re-heating being 
required, ux is generally now, and wp to the date of 
the introduetion of this process was universally, the 
feature of the trade, The process is due to the inventive 
genius of My. John Gjers, Engineer, of Middles- 
borough, the capital of the celebrated Cloveland lron 
District, whose maine is highly and moxt honournbly 
ussochited with a number of most valuable improve- 
ments in the mechanien! technics of the iron and 
steel manufactures, Like muny other valuable im- 
provements in working out different: processes of manu- 
facturing industry, the iden of this, “the Gjers” 
xystom of rolling steel ingots with their own initial 
heat, ix simple, and the method of working “ extremely 
easy and practicnble,” 

Excess of heat in the primary condition of Bessemer 
steel ingots over that required for working or rolling 
them is one of their peculiar feutures which has often, 
by various inventors, been attempted to be availed 
of, but without success till this system was introduced, 
Those who have witnessed the “ Bessemer blow” in 
actual work, will have a most vivid recollection of the 
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intense hent possessed by the steel as it is poured 
into the ingot moulds, and equally so of the condition 
of the ingots when tuken ont of the moulds, especially 
if they have been standing close up to the Bessemer 
ingot “pit.” Suffice it to say that at this stage the 
tempereture of the ingots is fur in excess of that 
required for a rolling or working “heat.” And even 
the tyro in such matters will understund how the 
heut, taken ay a unit or whole, must be unequally 
distributed throughout the ingot at the time itis 
“stripped ”--as the process of taking it out of the ingot 
mould is technically termed, After it is set sufficient] y; 
or soliditied, the interior will thus be in a much more 
highly heated condition thin the exterior, and while 
this may be too cold, or just cold enough, to fit the 
ingot for the rolling process, the interior may be too 
hot. Weuse the term “cold” in its relative sense, 
for it cannot be in any way applied to ingois of steel 
passing through the working processes in the ordinary 
or conventional sense, us all know who have even but 
a slight personal knowledge of the working up of 
stecl ingots into rulx, It ix just this inequality of 
temperuture possessed by ingots worked up under the 
old, or, ax it may be enlled the present re-henting 
furnace system, which is the causo of one of tho 
many noted defects of rails innde by it. For it may 
ulmost be snid that it is practically impossible to get 
a mass of metal which is heated in a ve-heating 
furnace of equal tompernture throughout; for if kept 
long enough to hive the interior hexted to the point 
neceswury to obtain goud rolling or working, the ex- 
terior will of necessity be over or beyond this point in 
temperature. In the case of Bessomer steel ingots, if 
they ure kept long enough, so that the interior cools 
down to the point best titted for working, the exterior 
will he, of necessity, below this point, The re-heating 
furnaces demand, therefore, for their working, the 
exercise of great cure ; hence the necessity to employ a 
superior class of workmen, whose consequently higher 
wages add materially to the necessarily great cost of 
the system, By the Gjers souking pit process all the 
disndvantages, pecuniary and otherwise, are to ua very 
large extent, if not wholly, certainly gencrally done 
away with, 

We now glance briefly at the principles of this most 
important improvement in Bessemer steel ingot work- 
ing. At first sight it would nppear to be a compara- 
tively ensy thing to keep the ingot, with its over-heated 
interior, in such condition that the heat economised 
or treated would be equalised over the whole mass— 
this uniform temperature being that best suited, as we 
have just seen, for working it up into rails, ete. To 
many it seemed to be so easy, that numerous attempts 
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were made to utilise the initial hent of the ingot, the 
chief feature of which was the conserving of it by 
surrounding it with non-conducting substances or 
shielding it from the unequally cooling effect of eur- 
rents of air, But all those attempts were unsuccessful 
ix securing the desired end, Some of our renders may 
remember the attention which was attracted some 
twenty yenrs ago or therexbouts to what was called, if 
we remember aright, “the Swedish Cooking Stove.” 
This, in fact, was simply a wooden box, the inside of 
which—lid or cover included-—was Jined with o very 
perfect non-conducting materinl. When a covered 
vexse] containing cooked or warm or boiling solid or 
liquid food was placed in the interior of the so-called 
“stove,” and this carefully and offectually closed up, 
the effect of the non-conducting materinl was such 
that the initinl heat of the body or mass of food in 
the vessel was consorved, and this so well that after 
the lapse of many hours the vossel might be taken 
out of the stove with its contents, if not ut a tem- 
perature nearly equal to its initial heat—nt lenst, so 
little practically below it that the food would be hot 
cnough—* steaming jot,” as the phrase goes —-for 
eating, almost us if it had just been brought from 
the kitchen. But more than this: Suppose the vessel 
containing the food was placed in the xo-culled “stove” 
at very high, say boiling temperature, but with the 
meat not “ quite cooked,” the heat at first given out 
by the verxel and taken up partly by the non-conduet- 
ing material with which the stove was lined, and 
partly by the air between the sides of the vessel and 
the stove, wax, ax time went on, given back again to 
the vessel nud its contents, so that after the expiry 
of wcertain period the food conld be taken out not 
only still hot — “piping hot,” ax another kitchen or 
cooking phrase goes—but completely cooked. This 
slinple apparatus, the idea of which ix inet with in a 
still more simple appliance—the woollen “ cosy” of the 
tea-table—gives a very fair notion of the principle 
and arrangement of the “Gjers Soaking Pits for 
Bessemor Steel Ingots.” The soaking pit is, in 
its simplest form, w chamber lined with refractory 
fire brick—that is, brick capable of withstanding an 
exceedingly high temperature without breaking up 
or disintegrating—hence the term “ refractory ” (see 
the “Cyclopedie Dictionary of Technical and Trade 
Names” for this term— section “General Science ”), 
The inside or cross-section of the pit is slightly larger 
than that of the ingot, to allow of its being ensily 
dropped into its place in the event of any projecting 
parts of metul—technically called “fins”—which might 
be left in the bottom of the ingot, The height or 
depth of the pit may be six up to eighteen or any 
number of convenient inches in excess of the length 
of the ingot. For the facility of working the pita, 
they are all constructed below the level of the ground 


floor of the Bessemer pit, where the ingots are made ; 
and for removing the ingots from this, and dropping 
them into the souking pits, all those ure commanded 
by an “ingot ernue,” and this, further to facilitute 
working and save labour, which is money, communds 
alvo the position at which the ingot is to be pissed to 
the rollers of the rolling mill. Before the working 
of the ingots, which are to be taken from the ingot 
moulds to the soaking pit, and from thence to the 
rolling mill, commences, it is necessary that the in- 
terior of the sonking pits should be brought to a red 
heat, This is done by placing hot ingots in them, 
When properly heated, the regular working of the 
system begins as thus, The ingots ave to be taken 
out from the moulds as soon after pouring ns 
practicnble, so as to have the highest degree of 
initial heat. They are then swung round hy the 
crane, and dropped at once into tho “soaking pits,” 
and wach pit as it recelves Its ingot is covered with 
ite lid, made of refractory materials, thus practically 
keeping oat the ain Surrounded by brickwork sur 
faces ata temperature as high as themselves, none of 
their heat is alowed to escape, aud after remaining 
some time “souking,” so to use the inventors expres 
sion, in this heat bath, the heat becomes onifornly 
distributed throughout the whole miss, And, as a 
conrequence of the retention of the heat within the 
interior of the pits, 1 follows that the temperature of 
the ingot inass is Increased, 20 that the ingots when 
taken out of the pits to be swung round to the rolling 
mill—whieh is done after they have been sonking 
from twenty to thirly minutes--are actually hotter 
than when they were put into them, But it is 
obviously necessiury that the brickwork of the soaking 
pits should be kept up to the same tempemitianre is 
that of the ingots placed in them. This desidention 
is secured by aw surplus of ingot heat, whieh is left 
over from the los& of the initia) hent due to it when 
it is first taken out of or stripped from the mould, 
This loxs is caused first by radiation when the ingot is 
exposed to the nir before it is put into the sorking 
pit; and secondly by kome part of it being absorbed 
or tuken uway by the brickwork after it is placed in 
the souking pit. Jdut when the system is well carried 
out, the surplus of heat from suecessive Ingots keeps 
up the proper working temperature of the soaking 
pits. This may be utilised in another way. lor just 
as we saw in a preceding sentence that the heat piven 
back from the Swedish stove to the vessel containing 
food was sufficient to cook it completely—so in the 
case of the (sjers sonking pit, should an ingot be 
detained by some cause or another in its way from 
the mould to the pit, so that it gets colder than it 
should, the surplus heat, so to say, of the souking 
pit is given out to the ingot, raixing it to the tem- 
perature required. The walls of the souking pit 
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may thus be said to be an necumulator of hent, 


storing up what ix nol wanted al one time to be 


given out at another when 16 Is. While the ingot 


is “xonking,” as ubove explained, it passos oul from 
its mass volumes of gas. This acte--in addition to 


the refractory cover ov lid of the pit—asa “sonal,” 
still more completely excluding the atmoxphere by 
ita continual flow through the opening round tho 
elges of the lid, for while this gas is passing out 
the young reader will perceive that no air can pass 
from the atinosphere outside. This gas is com- 
bustible, as is shown as soon as the lid of the 
soaking pit is tuken off, by its flashing into flame 
on mixing with the ordinary atmosphere, In the 
ordinary re-heating furnace the metal which is being 
brought up to the required working temperature for 
a succeeding part of the working process—it having 
lost its heat when passing through a preceding part— 
is apt to be, ahd in practice very often is, deteriorated 
in quality by being oxidised in the furnace, from 


which it is obviously quite impossible to exclude the . 


oxygen of the atmosphere. If, thon, the gas produced 
in the soaking pit by the ingot itself, and which we 
have seon is combustible, contained oxygen, it would 
have o bad effect upon the ingot material, burning 
or oxidising it. But, fortunately for the perfection of 
the process, the gas of the soaking pit is a perfect 
non-oxidising medium, being composed of hydrogen, 
nitrogen, and carhonie oxide only—of which an 
analysis showed the poreentage per volume in the 
order just stated, H, 27:21, N, 59:91, C.Q, 12:80 (1). 
A Gerin scientist, who has been experimenting with 
the system, gives the nume “ heat-equalising process ” 
to it, objecting to the term “soaking” of the inventor, 
inasmuch as this implies a softening of the metal 
extending from the exterior to the interior of the 
ingot—whoreas, as ho states, there is only one equal- 
ising of the temperature throughout the mass, The 
sume practicnl authority shows conclusively that the 
Gijers system of utilising the initial heat in working up 
the steel ingot without any re-heating process being 
necesmury ix a success, Thus contrasting it with the 
ordinary, and at present general, xyxteni—which, how- 
ever, it bids fair in time to supplunt-—this authority 
shows that while by the soaking (or heat equal- 
ixing) systems, to produce 100 tons of finished, well 
made steel mils, 114 to 118 tons of ingots are 
required, by the re-henting or old system the number 
rises from 118 to 123 tons, While no fuel is required 
for the sonking system pits, from 20 to 40 tons of 
conl are required for ench 100 tons of finished rails 
made by the old system; the number of burnt rails 
by the re-heating process being five, while there is 
no lors from this cause by the souking system. The 
advantages of the latter do not, however, end here, 
for no account is taken of the capital saved by the 


soaking xystem which is required in the old process 

as no expensive re-heating furnaces are needled 
while the cost. also of the gas “ producors ” (see tho 
series of papers In the text entitled “Tho Furnace 
Builder”), by which the “ gas” is made for houting 
the furnaces, is also saved, Further, the cost of main. 
taining those in good working order is saved by the 
adoption of the xouking system ; finally, a loss amount 
of costly labour is required by it as compared with 
the old or ordinary re-heating process. With yl] 
these advantages, the reader will not be surprised 
to learn that the adoption of the Gjers soaking or 
beat-equalising process is steadily on the increase, 
Ono large establishment in the United Stutes in 
which it is carried out, shows that six pits are 
capable of turning out 150 tons of ingots per day 
of twelve hours, at a cost only of about 14d. per ton. 

41, Schaffner & Helbig’s Process for the Utilisation of 

Alkali Waste. 

In connection with our Note No. 5, and the corre- 
spondence thereun, we think it well to supplement the 
subject by a curtailed description of the process itself, 
without committing ourselves to a decided opinion as 
to its ultimate commercial success, further than that 
contained in our letter above referred to. 

This process was patented in March 1878, but was 
not extensively tried till about four yenrs after. It 
is theoretically a perfect process, but in practice the 
pecuniary results are not quite so satisfactory. The 
alkali waste consists chiefly of sulphur and lime, derived 
in the Teblane process from the decomposition of 
common salt into the sulphate by means of sulphuric 
acid, and the subsequent conversion of the sulphate 
into carbonate by meuns of limestone and coal, The 
lime from the limestone und the sulphur from the 
vitriol are ultimately entirely lost, and form “alkali 
waste.” The recovery of these materials, or the utilisa- 
tion of this waste, has called forth a large umount of 
talent, time, and capital, but not with perfeet success. 

OF the several methods tried, and many more sug- 
gested, those of Schaffuer, Mond, MacTear, are the most 
important. The method devised by Schaffner and by 
Mond, independently of euch other, consisted in par- 
tially oxidising the “ waste,” und then adding hydro- 
chlorie acid, which precipitated a portion of the sulphur 
in the free state, which was collected, washed, dried, 
and used as sulphur. This, however, only recovered - 
about one-third of the total amount of sulphur present; 
and the large umount of ucid required in the process, 
nmounting to about four tons of acid, at ep. gr. 1:15, 
to ench ton of sulphur obtained, was an objection to 
its general adoption, By Schaffner & Helbig’s method 
90 to 95 per cent. of the sulphur is regenerated, and 
in the form required by the alkali maker—namely, 
vitriol, The following is a description of this process ; 
The alkali waste is collected in large tanks with as 
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much expedition as possible, as one of the peculiarities 
of the procoss is that exposure of the waste to the nir, 
partly oxidlixing the sulphur compounds, causes them 
to resist the subsequent processes, In these tanks 
the freshly-drawn waste is treated with solution of 
magnesium chloride, in quantity slightly more than 
is. roquired for complete decomposition. Tho best 
strength of solution is 1:15 specific gravity. The 
action which now occurs is that the sulphur contained 
in the waste is liberated in the furm of pure sulphu- 
retted hydrogen gas, the calcium is converted ito 
chloride of calcium, and the magnesium thrown down 
as magnesin, as represented by the equation : 

CaS + MgCl, + H,O = CaCl, + MgO + H,S. 
(calcium sulphide + magnesium chloride + water yield 
calcium chloride, magnesia and sulphuretted hydrogen.) 
The HS so obtained may be treated in two ways for 
the conversion of the sulphur into a commercial 
article: namely, (1) ‘by acting on it by sulphur 
dioxide, whereby pure sulphur is precipitated as a 
fine yellow powder, which is washed, dried, and sold 
as sulphur :— 

2H,8 + SO, = 38 + 2H,0 

(sulphuretted hydrogen + sulphur dioxide yield 
sulphur and water); (2) by first passing the H,S 
through cold water, to removo the steam which is 
given off with it, and then leading it through a 
water-sculed cust-iron pipe into a hydraulic-senled 
cast-iron chambor, thence into a brick oven where it 
meets a series of gns-flamos and is burned, forming 
sulphuric acid, ax represented by the equation IL,8 + 
4Q = JT,8O,. The vitriol thus obtained is said to be 
almost chemically pure, and after concontration is fit 
for all purposes for which the best oil of vitriol is 
used. 

Reverting now to our first equation, representing 
the action of MgCl, on alkali waste, we showed that 
besides H,8 there is produced magnesia and enlcium 
chloride. These two valuable products are recovered by 
an interesting reaction—namely, by pnssing carbonic 
acid through the contents of the tanks, whereby the 
lime is precipitated ay carbonate or chulk, and the 
magnesia converted into the chloride, The liquid is 
then run into filter-presses; and the chalk obtained 
on the filter ia sold, and the solution of MgCl, produced 
is evaporated down to the required specific gravity, 
namely 1:15, and used over again in the process. The 
CO, used in the latter operation is obtained most 
economically from the lime kilns of the alkali works, 
where the manufacture of lime is generally carried on, 
for the making of caustic soda; it is most advantage- 
ously applied under pressure. 

42. To Calculate the Contents of Cisterns, or Iron Tanks. 

In Note No. 25 we give rulcs useful in the case 
of rectangularly-shuped tanks-—that is, where the sides 

YOL, Ll 
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ureat right angles to the ends, The following are 
the rules for finding the contents of cvlindrical tanks, 
or those circular in section, Where certain dati are 
given, (1) When the diameter and the depth are 
given.— Hf in feet and inelies, reduce to inches, then 
square the number of inches in the diameter of the 
cistern and multiply the result by +7854; multiply by 
the number of inches in the depth of the cistern: 
the quotient is the uumber of gallons which the 
cistern of the given diameter and depth will contain. 
(2) When the number of gallons which the tank or 
cistern should contain is given, ax also the depth or 
height of the space in which it can be placed, to find 
the diameter which should bo given to the cistern or 
tank.—Tuke the number of the gallons, and multiply 
it by 2774 ; divide the product by the number of inches 
in depth of the tank, and divide the result by -7854 ; 
then the square root of the quotient will give in 
inches the required diameter of the tank. (3) When 
the diameter of the tank or cistern ix given, and 
also the number of gallons which it is required to 
contain, to find the depth or height which must be 
given to it.—Tnke the number of gallons, und multiply 
thix by 2774 5 divide the product by the square of 
the diameter in inches; multiply the result by ‘7854, 
and the quotient will give in inches the depth or height 
required, 


48, To find the Depth in Inches of a Tie Beam* of Fir or Pine 
~—the Length of Span or Bearing in Feet, and the Thickness 
or Width on Edge being given. 

Take the apan or bearing of the tie berm in feet, 
divide it by the cube root of the thickness or width 
in inches, and multiply the result by 1:47; the 
quotient is the depth of the tie heam in inches required, 


44. Data for Building Calculations and Estimates 


(1) Weight in pounds afa Cubic Foot of diferent kinda 
uf Timber, 


Teak . ; tng 240°) Walnut . 6 42 
English onk ry r ry Ds, Riga fir 8 ry ry 47 
American onk 2.) 42 | Memel fir, 6 oe 
Ash . . , 202 Seoteh tir, ; . 38 
KIm . : © oe) 42) White American apruce . a4 
Beech 6 we AK Yellow ping, » + 28 
Sycamore. 6 og) 88) Pitch pine / 41 
Poplar . oe ~ 84> Mahogany (Honduras) ~ 40 
Chestnut . ‘ . 238 Mahogany (Spanish) 2m 
Cedar ‘ . ; . 88° 


45, Oapacity of Wells. 

A cubie foot of water contains, or ix equal to 6} 
gallons, or, what is the same thing, each cubic foot of 
excavation is equal to 6) gulls, of water. Taking the 
diameter of a well to be 3 ft., wach foot in depth 
will contain 44 gnlls.; if of 4 ft. dinmeter, 78 galls, ; 
5 ft., 122 gall; 6 ft., 176 gulls.; 7 ft, 289 gulls. ; 
8 ft, 313 galls; 9 ft, 396 galls; and 10 ft. in 
diameter, 489 gulls. for each foot in depth, 


* See paper in text entitle] “The Carpenter,” also ‘‘ Dic: 
tionary of Technical and Scientific Termu,” 
18 
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46, To find the Weight of Round Wrought Iron Rods or Bars, 
Diameter and Length, both in Inches, being given. 

Sqiare the diameter and multiply it by "7854, nud 
the product by the length in inches ; divide the rosult 
by the “coustant " (seo  Diclionary of Technical 
Torms ” under the section of “General Science ”) 3:6, 
and the quotient is the weight in pounds, - 

47, To find.the Weight of Plates, Bars, and Balls of Metal. 

(a) To tind the weight of a plate of metal.—lind 
the number of oubie inches in the plate (by multi- 
plying the length, the breadth, and the thickness 
into one another), and multiply the nuunber found by 
one or other of the following “ coustants,” necording 
to the metal: Gast iron, “27; wrought iron, ‘28; 
steel, ‘28; copper, 31; brass, 30; gun-metal, °41 ; 
azine, ‘26; lead, 41. Ox, for pliutos of wrought iron, 
of which there are 3°6 cubic inches to the pound, 
divide the number of cubic inches in the plate by 3°6. 
()) To find the weight of round bare of metal.--Square 
the dinmoter and multiply this by the length of the 
bur in inches, and the product thus obtained by the 
following constants: Cust iron, 206; wrought iron, 
"216; steel, '223; copper, "253; brass, ‘238; zine, 
204; lead, ‘322, To find the weight in one foot of 
length of o cast-iron bar, aquare the diameter, divide 
this by 4, and multiply the quotient by 10. To 
find the weight of u cast-iron bur where the length is 
taken in feet, in place of inches as above, square the 

diameter, multiply this by the length in feet, and the 

result by 2°48, The “constant” for wrought iron for 

the sume rule is 2-6, (¢) Lo find the weight of a bull 

of cust or wrought iron. Take half the diameter in 

inches, cube this and divide it by 10; add the result 

to the amount of the cube of half the diameter of the 

sphere, and the result will be the Weight in pounds, 
48, To find the Size of the ‘‘ Eyes" of Links. 

Make the outside diameter of the eye equal to 
twice the dinmeter of the pin passed through it; then 
Increase the thickness until the requisite sectional aren, 
is obtained. 

49. Crushing Weight on Piers of Masonry and Brickwork 

in relation to their Height or Length. 

Tho height of stone piers should uot exceed twelve 
times the diameter of the base or cornice, or the square 
of the base, ‘The loud they are made, to support or 
earry should not exceed one-tenth of the weight caleu- 
lated to crush ov disintegrate the materials of which 
these piers are built. The following gives the weight 
in tons per square foot to produce crushing fracture 
or distutegration ino various building materials — 
Aberdeen granite, 5600 tous; Peterhead granite, 400 ; 
Freestone, 200; Bath, 80; Limestone, Magnesium, 
100; Sandstone, 350; Marble, 400; Brickbat, To: 
Ordinary or common bricks, 40; Fire-brick, 70; Ordi- 
nury brickwork, set in mortar, 20; if set in cement, 
80; Masonry set in rubble, 20 tons per square foot, 
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50. Number of Cubic Feet of various Timbers 
Ton in Weight. to make ong 
Tenk . ’ ‘ 2 #8) Riga tir, a. 48 
Enelish oak 0 ~ 38 | Memot co, é 64 
Americauioik «oe 6 AB | Seoteh flr, ee i 
Ash. . . 2450) Amerionn white Spruce rt 
itl. ‘ , ; my | Yollow pine ; s 
Beeeh ; 7 , 245° | Pitch pine : : 
Jarecho wat | Walnut. Se 
Chestuut , ; ;. AY | Cedar ; . 
Ryeamore, 6 ee 8 | Mahogany (Honduras). 5h 
Vopla : » 66 | Mahogany QS yuunish) : bd 


51, Dimensions of Joists for Single Floors, 

Single floors (see the series of papers in the toxt 
entitled “The Carpentor”) constitute the simplest 
variety of this cluss of carpentry work in house 
construction, and consist simply of timber joists laid 
from wall to wall, a usual distunce between tho 
joists being twelve to fourteen inches from centre to 
centre. The joists in the poorest class of work rest on, 
and are built into, the walls; in a better class they 
rest on, and are spiked or nailed to, timber wall 
plates built into the wall; in still higher class work the 
joists are notched as well as spiked to the wall plates 
(see “The Oarpenter”), The following are the 
dimensions—technically termed “scantlings”—of joists 
for single floors, with spans or bearings—z.e., distances 
from wall to wall—of different lengths. The span or 
bearing should never exceed 15 feet for this class of 
flooring :— Length 6 feet, dimensions 6 inches by 2 
inches ; 8 feet, 7” x 24"; 10 feet, 74” x 22”; 12 feet, 
8" x 23"; 14 feet, 9” x 22”. 

52, Specific Gravity of Various Woods. 

Oak, ‘085; Elm, ‘800; Ash, 845; Beech, ‘852; Yew, 
‘807; Fir, -657; Lime, ‘604; Cedar, 561; Poplar 
(common), ‘833; ditto (silver), -520; Apple, 783 ; 
Tronwood, 1:210; Greonheart, 1-200; Ebony, 1:080; 
Boxwood, 1:050; QOork, 0:240, 

53. Relative Values of Timbers or Woods in regard to their 
Transverse Strength or Resistance to Cross or Breaking 
Strains. 

Taking English oak as the standard, or 100, we 
have for (2) Aimoriean ouk, 86; (3) Elm, 82; (4) Ash, 
119; (5) Beech, 103; (6) Turch, 108; (7) Sycamore, 
81; (8) Chestnut, 89; (9) Oedar, 62; (10) Mahogany 
(Honduras), 96; (11) Mahogany (Spanish), 67; (12) 
Walnut, T4; (13) Poplar, 50; (14) Memel fir, 80 ; 
(15) Riga fir, 80; (16) Scotch fir, 60; (17) American 
yellow pine, 99; (18) American white spruco, 86 ; 
(19) Amerionn pitch pine, 82; (20) Teal, 109. 

54. Rule to ascertain the Length of a Beam of Riga Fir to 
carry & given Weight, the Breadth or Thiokness and the 
Depth being given.* 

Square the depth in inches, multiply this by the 
width or thickness, also in inches, and by 1825 (this 
“constint” will vary as the timber used varies), divide 
the product by the weight in pounds; and the square 
root of the quotient will be the length required of the 
beam. (Seeasucceeding note on “The Factor of Sufety.”) 

* Seo text paper under the title of '* The Carpenter." 
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(14) Seo Note No. 13 on “ Fuel and its combustion.” | 


The kindling of a mass of coal, which is a gradual 
process, the heat given out by the part first kindled 
serving to “set fire to” another portion, snd this to 
« third, depends largely, for the rapidity with which 
it is carried op, upon the mechanical or physical 
condition in which the fuel iy being used. A lump 
of coal of some pounds weight is much more dificult 
to “set fire to” than a piece of an ounce or two in 
weight, and small pieces of a fraction of an ounce in 
weight more easily “kindled” still; and uniform con- 
dition and size in the pieces of fuel make it more 
uniform in its combustion, and the heat products 
more easily to be managed and more readily to be 
relied on, Watt, the inventor of the modern steam 
engine, whose scientific precision seemed competent to 
tale in what his great motor would be in all future 
time, saw the importance of attending to the “ condi- 
tion” of the coal used in raising steam in his boilers, 
and gave precise instructions how it was to be dealt 
with, On this important point of condition of fuel 
we shall have more to say in a succeeding note under 
this section, A lump of coal, for example, has so many 
increments of heating power locked up or occluded 
within it, the mechanical equivalents of which are 
capable of doing so much work. With a small 
amount of kindling heat, so to call it, to raise the 
temperature of the whole mass or lump will obviously 
take a long time, the difficulty being to get at the 
parts within the lump; and to get at them a high 
temperature continued for some time is necessary, 
the hent breaking or crumbling up the maas into 
many pieces. The smaller pieces will obviously be 
more readily “set fire to”; and we can conceive of 
different qualities of coal having such different break- 
ing up or crumbling properties that the combustion 
of some, or the getting into the condition of what is 
called bright burning, will be slower—that is, will 
require longer time—than others. Some qualities 
of coal are more readily and easily brought up 
to the combustion temperature thin others—in other 
words, have « greater facility for entering into 
combustion with the oxygen of the air, the presence 
of which in all cases of combustion is assumed as 
an absolute necessity; a fuel without oxygen being 
as little a combustible as a paving stone or a brick. 
But in all casea the element of “condition” of the 
fuel must be considered as of primary importance. 
Two distinct qualities of coal, for example—one ood, 
the other indifférent—may be so different in condition 


that the indifferent fuel, in a condition which aids the 
combination of oxygen with its constituents nnder the 
influence of heat, will kindle moro rapidly, and upon 
the whole be more readily and easily “stoked,” than 
the coal of better quality which is in a condition 
unfavourable to the combination which produces 
combustion, Hence, xinply by taking advantage of 
this principle of condition, furnaces are now in daily 
use in which the veriest refuse of coal givor large 
supplies of heat. The whole tendency of fuel com- 
bustion management of late years his been to carry 
out the principle of division of the coal; and this 
so that the combustible constituents shall be presented 
to the action of the heated oxygen in » way #0 
favourable to the combination of oxygen and fuel 
constituents which promotes combustion, that the 
finely divided particles of fuel are flashed into flame 
with almost the rapidity which gunpowder displays 
when the heating (lighting) agency is presented 
to it. The “gas producer furnace,” in conjunction 
with the “regenerative stove or furnace,” has thus, 
through the genius of the late Sir William Siemens, 
made available all sorts of combustible substances, 
and given a high value as heat producers to what 
were perfect nuisances; and by the means of these 
contrivances it may be truly said that the art of 
applied heat has completely revolutionised the cast 
iron and stee] making, and given to many processes 
high temperatures formerly on the large seale wholly 
unattainable. The gaseous fuel, the result of the 
Siemens furnace, is simply a change of the condi- 
tion of the fuel constituents, so dividing large lump« 
into small pieces, that they nro presented in the 
aeriform condition in which, when exposed to the ° 
action of heated oxygen, the combination is so quickly 
effected that flame of an intense temperature Is 
instantaneously produced, 


(15) Notes on some of the Mechanical or Phymeul 
Features of the Air or Ordinary Atmosphere.—The 
weight of a cubic foot of air at the avernge or 
normal temperature of 62° Fahy. ix ‘0761 of a Ib. 
The height of the atmosphere being 26119819 feet, the 
weight of a column of this height, the base of which 
is 144 square inches, ix 2118-854 lb. avoirdupois, 
and dividing this by 144 we have 14°71], the 
weight or pressure upon each square inch of the 
base of the column, As this is within a little of 
15 lb., this latter sum is usually named us what 1 
called the “atmospheric pressure” on each square 
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inch of surface of all bodies exposed to it, This, 
however, represents the pressure at the surface of 
the earth, or at what is technically called the “ sea 
level”: at which point the pressure, as measured by 
the burometer—the degree of heat being at the time 
that displayed by ice melting—is 29°922 inches. As 
this is within a fraction of “80 inchos,” this is taken 
as the “standard height” from which all depressions or 
the reverse in the atmosphere, as shown on the baro- 
metric scale, are reckoned. If we measure this normal 
or ordinary pressure of the atmosphere by that of the 
elements of water, we find it represented by a column 
of water 33831 Ib. per square inch, the weight of a 
cubic foot of water being estimated at 62°5 Ib. avoir- 
dupois, We have thus the means of ascertaining the 
weight of a column of any fluid other than water, and 
which is of uniform density throughout, which will 
be sustained or maintained in equilibrium by the 
atmospheric pressure—this height being to the height 
of the mercury in the barometer at the time being 
as the specific gravity of mercury is to the specific 
gravity of the fluid, the height of the column of 
which will be balanced by the atmospherio pressure 
at the time being. Properly speaking, if the air 
constituting ‘the atmosphere was perfectly dry—that 
is, absolutely free from moisture——the air pressure, or 
its gravity or weight, would be represented by u 
column $2'1824 feet. But the atmosphere is not dry, 
but varies in its degree of humidity or contained 
moisture; and it has been ascertained that the rela- 
tion of the density of air thoroughly saturated with 
moisture to that which is perfectly dry is expressed 
in the fraction of which 10,000 is the numerator and 
99,749 the denominator, In reference to the pres- 
sure of air indicated by columns of water and of 
mercury, it is worth noting that the specific gravity 
of water being to mercury as ] to 13'5, the ranges of 
variation of any two scales in which water and 
mercury are employed to measure pressures will be 
ax those numbers invorsely, so that # variation in 
the height of one inch of the mercury column will be 
equal to or be represented by 13:5 or 134 inches in 
the water column. 


(16) In Note No. 4. briof remark ix mado as to 
the effect in Portland cement of a mixture of sugar 
with it, of hastening the “setting.” When used with 
common lime mortar it adds greatly to its evhesive 
strength ; so much so that practical men state that it 
makes ordinary lime, used in the making of mortar, 
equal in strength to Portland cement—that is, the 
cement as used in the ordinary way, without the 
addition of sugar or saccharine matter. In one ex- 
periment, a mortar was made of 1 part common shell 
lime to 14 part of sand, with water to each gallon of 
which is added a pound of an exceedingly coarse cheap 


sugar used and known in India as goor or jaghery, 
Bricks joined with this sweetened mortar, which sei 
in thirteen hours, broke with an averuge breaking 
weight at the joint of 63 1b. Bricks joined with 
precisely the same mortar, but without the saccharine 
matter, showed the average breaking weight at the 
joints of 44 Ib., giving an increase of strength in the 
sweetened mortar of over 30 per cent., or one-third. 
Dr, 8. Crompton, to whom the scientific world js 
indebted for much interesting information on this 
subject, points out also that frost has no deleterious 
influence on mortar sweetened with sugar. This 
alone would give great value to the method; for 
those of our readers who are concerned in building 
operations know, many of them to their painful cost, 
how frosty weather puts a stop to all work which is 
to be honestly well done. In another note we shall 
have one or two remarks on the scientific aspect of 
this method of dealing with Portland cement and 
with ordinary limes or mortars—a method which it 
appears from pretty good evidence was practised by 
our ancestors in this country, has been practised from 
time immemorial in certain parts of India, and going 
further back into history, practised, there is good 
reason to believe, by the Romans, if not by a people 
who flourished earlier still—namely, the Egyptians, 


(17) Accidents arising through the use of illumi- 
nant fluids, known generally as the paraffin ‘oils, are 
now unfortunately of common occurrence. These 
arise through the great ease with which some of 
the oils flash into flame at exceedingly low tempera- 
tures, and the extreme difficulty there is of ex- 
tinguishing the flame when once it is created. All 
of what are called by the common name of the 
paraffin oils require to be dealt with with the greatest 
care, Tho necessity for this care is shown by the 
number of the most painful accidents taking place 
continuously, and may be explained and énforced by 
many facts. In our notes on “ Fuel and its Com- 
bustion” (see Note No. 13 and others) the reader 
will find explained what combuation is, and how an 
important element or factor in the process is the 
oxygen present in the ordinary atmosphere or air, 
but which must be heated up to a certain temperature 
—varying with the kind of combustible or fuel—- 
before the oxygen can enter into combination with 
the combustible constituents of the fuel, and flash 
into flame, and create what is called artificial heat. 
Now, paraffin oil is a fuel, but a liquid one, just as 
ordinary lighting gas is a gaseous fuel. And in the 
case of both of these fuels the temperature at which 
the air which provides the oxygen necessary to create 
and promote combustion, compared with that required 
for solid and dense fuels, such as coal, is very low. 
Hence the danger in dealing with paraffin. 
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TECHNICAL 


EDUCATION 


IN RELATION TO 


THE PRESENT OONDITION OF OUR INDUSTRIAL WORK. 
a Sean 


The Position of Masters or Employers in Relation to Indus- 
trial Eduoation.—A Knowledge of its Principles and 
Subjects of Vital Importance to them. 


With regard to those who have the prospect of becoming 
masters, employers of industrial labour, it will perhaps be 
matter of surprise to some to be told that much of the future 
of the induatrial trade of our country is dependent upon the 
way in which our maaters of the future are trained, But 
too many uvidences exist around us to show that the special 
training of those youths who are likely, from their position 
aa tho sons or relations of those who own large concerns, tuo 
be masters of the future, bas never been systematically formu- 
lated. But there is amongst all thoughtfyl, practical men 
almost, if not quite, a universal consensus of opinion to the 
effect that the special training of employers will be one of 
the most effective factors in the solution of the great question 
how to retain, if we cannot increasc, our national trade as 
industrial workers, Much of what we have said in relation 
to the manager applies to tho master; but the master has 
dutics and responsibilitics which do not fall upon the manager. 
In finding out new markets, and in the way of working these, 
there lies an amount of work in apecial training which few 
have thought of, but which are simply of vital importance 
to us as a people, Our foreign rivals, our great competitors, 
afford themselves perhaps the best examples which it would 
he wise in us to follow, Taka the Germans, perhaps the 
keenest and ablest of these: they are not indifferent to the 
finding out of new markots, however far afield they have to 
go for them; and their skill in initiating a method or methods 
of working them to the best advantage is as distinguished for 
common-sense ability as the way they go about the carrying 
of these methods out. Their facility—at all events their 
industry—in acquiring a knowledge of languages other than 
their own, enables them to open up communication with the 
new peoples they wish to trade with, and they make use of 
the knowledge in the most practically common-sense ways 
possible to them. Towever prejudiced they may be with 
regard to the peoples they have opened up trade relations 
with—and German national prejudices are not a whit less 
keenly developed than our own--they take the grcatest 
paina, by mixing with all classes familiarly, to learn their 
wants in the way of goods; and-when they know them they 
are not slow in making the articles, Their education at home 
is specially designed and carefully carried out with a direct 
view to enable them to be the best pionecrs in opening up 
new markets, and in ingratiating themselves with their people 
so that they quickly become their customers. In brief, they 
make their trading and, thair commercial system a science, 
and adapt their home educational system to, the teaching of 
this, so that they send out to all parts of the world merchants 
and travellers who, in too many instances, beat our men out 
of, or largely out of, the market, who have not the same 
adaptability to new circumstances, and have not as a rule that 
cosmopolitan knowledge of men and manners, customs and 
language which their competitors have. And thia, so far from 
being foreign to our subject, beara in the closest possible way 
upon it, and goes to show the necessity for classes who have 
hitherto been considered as independent of industrial educa- 
tion henceforth becoming clearly and intelligeutly acquainted 
with all its branches. Hence masters, or those who are likely 
to be such in the not remote future, may find something in 
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Stupy which cannot fail to be of the greatest practical valuc 
to them, 


The Success of a System of Industrial Education Strictly 
Dependent upon the Maintenance of a Certain Definite 
and Dual Relationship. 


As in the actual carrying out of industrial work in the 
factory or the workshop, pecuniary succcss, and asauredly 
pleasure in the doing of it, as well ns a steady continuance 
of its remunerative labour, ara largely dependent upon the 
way in which the dual relationship of employers and em- 
ployed is arranged and maintained, ao also is it true that the 
individual system of industrial education ip for ita assured 
success largely dopendcnt upon the maintenance of a dual 
relationship between the subjects of ZZome Study, which 
are purely technical or scientific, and which are gained by the 
exercise of the intellect only,--between these and certain habita 
of study and action bearing upon the doing of the actual work, 
thus embracing the work of study and that done in the factory 
or the shop. And we should be ill fulfilling the grave respon. 
sibilities connected with the duty which devolves upon us 
ag publishers and conductors of so important a work aa ours 
if we did not point out in tho plainest and most distinet 
manner that, unless this dual relationship just now referred to 
be ecarricd out with strict integrity and honesty of determined 
will and purpose or plan, the golden dream which 60 many 
indulge in as to what dudustrial education ia to do for tho 
nation will not be realised. If certain habits in relation to study 
and to actual work do not exist, or are net exercised, all the 
technical or scientific knowledge of the work will possess 
littla practical money-making value. Some of those habits 
applicable alike to study and work will be named with greater 
or less detail in the paper in the text of this work entitled 
“The Workman as a Technical Student, What to Study and 
How to Study,” and exemplified here and there in appropriate 
paragraphs in more than one of the practical papers in the 
body of the work, There are others, however, which, of grout 
importance, demand some notice here at our hands Hor 
auch habits were amongst the most powerful of the influences 
which bulli up, 80 to say, the solid structure of Knglish repu- 
tation for turning out the best work in the best possible way 
both ag regards effcicney and economy of production, And 
if what hua done so much for us in the past is not deemed 
likely to do something valuable for us in the future, all the 
scientific and technical knowledge which may be imparted to 
our workera will be but of little service in enabling us to 
meet the stern competition which faces us in all the markets 
we once wholly called our own, Nor ix the fact unworthy of 
the most serious considcration as constituting a factor in all 
our caloulationg or questions regarding technical education, 
and what it ig supposed to be able to do for us, which must 
be taken into account if we are wise,—that in the opinion of 
eminently practical men, of large and wide experience in 
industrial work, much of the trade we have of late yoars lost 
has been Jost, virtually handed over to our foreign competitors, 
through neglect of or indifference to those very habits which, 
as we bave said, made at one time that high reputation of 
our country to which we have referred. No question, therefore, 
can be more serious than this, And it will reat with ourselves 
whether that reputation shall be won back where we have 
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lost it, and retained where we still possess it, And if we 
decide in the affirmative, the cultivation of those habita must 
form a much more definite and decided place in our national 
ayatem of industrial education whenever it is, Jf ever it be 
established, than, to judge from what they have said, the 
loudest talkers on the subject seem to have thought of. The 
fact must never be lost if we are really to approach to, or 
obtain the realisation of, the hopes which the advocates of 
what they call technical education hold out to us: that all 
the marvellous work—for it ia neither more nor less than 
thie-—which our ongincers and machinists, our jron makers, 
our practical chemists have done in the ycars which are past, 
the building up of that grand reputation as makers to which 
we have referred, was done xot with the aid of, but in spite 
of, the almost utter want of all those facilities for education 
which form part of what is now called technical education, 
And all this was done, moreover, not with the help, but in 
the almost absolute default of the many machine tools and 
workshop appliances which engincers, machinists, and other 
industrial workers have now at their command, 


Brief Considerations in Regard to the Relation of Industrial 
Education to the Actual Industrial Work of the Home 
Btudent. 

The habits in connection with the doing of work, to which 
pointed reference was made in the preceding paragraph, will 
he found detailed in the paper in the text, “The Workman 
as a Technical Student, How to Study and What to Study”; 
in some of the paragraphs in “ The Industrial Students’ Note 
Book," which form part of this work; and incidentally, but in 
close connection with the actual work done, in several of the 
practical papers in the text, such as “ The Gencral Machinist,” 
“The Joiner,” “The Carpenter,” “The Bricklayer,” “The 
Stone Mazon,” and in the earlicr paragraphs of “The Student's 
Introduction to Mechanics.” Good service to the home student 
will be done if the brief space still remaining of this paper is 
devoted to one or two considcrations of great importance to 
bis work and study, The latter must be always carried on 
with the distinct understanding that it leads up to his actual 
work in the factory or workshop, and that the results of both 
study and work—uare absolutely dependent upon himsclf, 
Education is, to paraphrase the words of a great man, first, 
the education we get from our teachers; second, that obtained 
from ourselves, And of the two the last is the motc important 
in its influences. Men who have “made their mark” in 
industrial work of any kind will confirm without hesitation 
the truth of this statement, Jn the course of hia sel/-instruc- 
tion let him study closely the way in which work js actually 
done, ag well a8 the principles upon which the work is based. 
And from the moment he enters upon his apprenticeship he 
must begin that course of close observation and intelligent 
comprehension of all the handicraft details of his workshop 
or factory—that self-education in actual work which may be 
said never to end, as the wisest amongst us knows that he 
never ceages to learn. Here, although he may have his atten- 
tion directed by others to much that is worth knowing, every. 
thing depends upon himself. No one can take hie place so 
effectively as a teacher but himself, And granting that he 
has what we deem essential (for without it no progress will 
be made)-—namely, a liking or a taste for the practical calling 
he has chosen to work at so that working he may live—he 
may be largely gifted with that instinctive feeling or intuitive 
notion that he can do something worth doing: he knows that 
he can do it, This faculty should be carefully cultivated, 
even though he has it developed in the marked degree which 
some have. And many more, we may remark, have it than 
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is generally supposed ; and it is to them simply invaluable, 
for they can tell at once by “ how the work looks” whether 
it ia well or i1] done. Where the feeling is only partially 
oxistant, or but feebly developed, a vast deal can be done by 
patient and careful training. And in this again the best help 
is welf-help. None the leas fortunate, however, will he be if 
he mecta with some clever friend who will guide him in this 
training, or a teacher of some technical school who himself has 
the ability to perceive what a powerful factor is this intuitive 
knowledge of what i« good work and how it should be done— 
@ recognition, be it noted, but too rare, we fear, in technical 
achools, where the tendency tu keep to theoretical and “Jearned” 
teaching is all too great. In everything the sclf-instructing 
industrial student docs ha must be honcst with himself, to the 
end that it is done thoroughly, as wellas it can be donc, If he 
“takes a pride” in his work, he will be eure to be “thorough "in 
all he docs. It may well be an open question in how far our 
trade is lessened and competition increased by a decay of this 
“taking a pride in one’s work” on the part of so many of 
our workmen. This was the secret of the graud work done in 
days gone by, Another important point in the self or home 
education of the industrial student, and one which may be 
said to flow out of or to be supplementary to the last 
congideration, is the absolute accuracy with which every detail 
of his work is tv be done, 80 far as this is attainable. How 
much of this is dependent upon the training of the eye to 
distinguish forms and appreciate distances and dimensions, 
let the ablest and most skilful of our mechanics aay. To 
attain this facility to do accurate work it is, therefore, not 
merely necessary to possess manipulative skill to do the work, 
to make required forms, but to be able to know whether such 
forms are jn themac]ves acturate; and this can only be done 
by the teaching of long-continued comparative observation, 
for it is only in so far ag we can tell that differences exist 
between one body or form and another that accuracy is attain- 
able. And how much, even now that we have abundance of 
machine tools of precision capable of giving us surfaces and 
shapes or forms. in an almost cndless variety of ways, is 
dependent upon the work which the eye and the hand of man 
cau do, so that if we require the utmost accuracy attainable, we 
shall have to bring in to the ald of our finished machine tools 
the aid of the skilled handicrafisman! From these and other 
considerations thuch might be named here did space permit, 
And it will be observed that there is a field as wide ag it ie 
important in which the home student of industrial education 
can exercise those gifts with which he is endowed towards 
his improvement in the peculiar branch or branches of study 
in which he ia specially interested, and still further enhance 
the value of those gifts by their carcful cultivation, A fleld 
also not legs wide and jmportart in {ts issues, in which he 
can exercise those habits, alike of work and.of study, without 
which all the technical knowledge which he can obtain by 
home study or time given to him through the medium of 
teachers outaide the home will be of little value in improving 
the condition and in brightening the prospects of our national 
industrial work, We have shown that, as in this great national 
work a combination of help of individual exertion and abilities 
is necessary, one claga not being in any sense independent of 
the other; so in like manner, in regard to the student, a 
combination of habita and of effects is necessary in order 
to obtain all the advantages which flow from a careful or 
systematic, and an honest, earnest arrangement of industrial 
self-education at home. What those combinations in both 
directiong are, and the points which constitute their chief 
value, we have in this paper briefly glanced at: their function 
and further consideration will be met with in the papers in 
the text to which reference haa been made, 


THE STONE MASON ANS 


THE STONE MASON AS A TECHNICAL WORKER. 
THE PRINCIPLES AND PRAGTICH OF, AND MIE 
MATERDALS HE EMPLOYR IN, IIR WORK, 


CHAPTER IV. 
Bond in Coursed Rubble-work Walls. 
N the last figure (28) in preceeding chapter we illus- 
‘yaied what is termed a “throngh” or “through 
stone.” This figure, taken in) conjunction with 
ext figure here given (24), illustrate the way in 
which bond is obtained in“ coursed rubble work” 








by sotcing Che blocks as © headers” and © sbretehers,” 
he “header” @ a, in tig. 23, being in this case a 
“through.” The sketeh in tig, 24 shows an clevation, 
und how the blocks all “brenk joint.” ig. 7 (ate, 
9, 24) illustrates (le cross section of a wall in coursed 
rubble work in which no © throughs ” are employed— 
but only “longs and shorts,” the interior of Lhe wall 
being made of rough or random or small-sized blocks 
of various dimensions, as shown, Fig, 9 wlustrates 
another section of a wall of coursed rubble work in 
which no “ throughs” ave employed, but only “longs 
and shorts,” forming in the elevation “ headers” and 
strotehers.” oda this illustration the interior or 






LOU iT: BAK ee 
Mig, 25, 


“heart” of the wall is made up with “rough or 


random rubble” well grouted with mortar. Fig. 8 
shows in clevation how “ brenking joint ” is obtained 
work purtinlly employed. — Mig. 18 (p. 121) illustrates 
in coursed rubble in the centre of the wall, the blocks 
being of varied dimensions, and rough or random, 
the disposition or placement. of blocks in polished or 
rubbed or tool- jointed work, in elevation showing how 
the blocks break joints; the corresponding vertical 
joints in the alternative courses all run, it will be 
observed, in the seme line. Fig, 25 is intended to 
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illustrate more closely the relation between“ headers ” 

und ‘stretchers,’ the “leaders” being shown as in 

section, With cross lines, or * hatehed,” us the tech- 

nical term in wood engraving is, 

Position of Bonding Stones—‘'Longs’’ and ‘‘Bhorts” at the 
Corners of Buildings ‘' Quoins.” 

The pupil will perceive that, as ilustrated in 
tig. 26, the blocks which appear in the elevation to the 
Jeft as “ headers,” in the elevation to the right at the 
corner, or as itis techatenlly enlled «the return” of 
the wall, appear as “stretchers.” On the contrary, 
the blocks which appear as “stretchers” in the 
section appear as ‘headers’ iu the elevation, and 
vice versa. A little thought will enable the pupil 
to understond how this result: is on neces ity soisiug 





kee) 





Hie, 26, 
from the disposition of the Dlocks of one face of 4 
will ax “longs” und “shorts,” or & benders” and 
“wtretchers,” the breadth of a block in the one face 
acting as a “stretcher,” obviowly showing as the end 
of a “header” in the other face. 

This disposition at the corner of a wall is the invari. 
able result of employing “stretchers aud headers” 
in its construetion, And the stones at this part of the 
“return” of a wall are techuically enlled “ quoins,” 
various forms of which are illustrated in tig. 27, 
The term is clearly a corruption, or rather the 
simple substitution of a “qu” for a “oe,” in the 
spelling of the French word cota corner. (See 
the term “Quoin” in the “Cyelopadie Dictionary of 
Technical and Trade Terms”)  Shakespeure speaks 


or 
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of the “euigne of vantage,” meaning thereby that 
one who stands at or possesses the corner of a 
building or wood commands or can sweep with his 
artillery the two sides of it. “Quoins” are in civil 
architecture, public buildings, and domestic structures, 
generally so nrrunged us to form a distinguishing or 
ornainental feature in the design. If the body or 
bulk of a wall be constructed in coursed rubble work 
agatain fig, 27, or in rough or random work wt 4, 


or in Irregular rabble where the stones are purposely 
dressed to form odd and various shapes, aus ate, the 
quoin stones are ustilly of polished or mbbed ashhu 
blocks ; or aif only 
hammer - dressed, are 
more enrefully tooled 
than usual, The objeat 
in both cuses is to pive 
& distinctive becuse 1 
different charneter to 
the quoin blocks, to 
distinguish them from 
the rubble work of the a 
body of the walls, This 
their ineve size would 
also do. When the _- 
whole of the wall is is | 
thus formed of rubble 

work one or other of the ways, us at «bc, the quoius 
are left. plain generally in surface: —c.e. not rusticated, 
ete.—und the joints ulxo are plain, as ut dd, @ ¢ e¢. 
When the body of the wall generally ix builtin polished 
ashlar work, the “ quoin” stone surfaces are either 
rusticated, as at /f, with tooled margins rowed or 
smooth (see fig. 14), or the surfaces uve tinished as at 
yg y, after the manner illustrnted in fig. 16. And in 
place of having the joints plain, as in those methods 
now deseribed, they are “ wrought "—to uxe the tech- 
nical term for worked or tooled—after the manner 
illustrated in fig. 16 (see also 7)—this disposition being 
shown at 44. The pupil will, in these sketches of 
quoins,” see another illustration of the disposition of 
“headers and stretchers” at the return or corner of a 
wall; the long quoin in the sketch, on the one face 
of the wall to the left, appearing as a short quoin 
stone in the sketch to the right, which is the other 
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“Block in Course” Walling, 

We have still, in addition to the varieties of disposi- 
tion of stones in the formation of walls, to illustrate a 
modificution of coursed rubble work, or what in reality 
is i comproniuse, so to cull it, between coursed rubble 
work and ashlar work, This is illustrated in fig. 27, 
and is known as “block in course.” ‘The courses are 
not all of equal thickness or depth throughout, but gene- 
ally the thickest stones are used nt the lower courses, 
the thinner at the upper courses, the courses often 
gradtully merging into ordinary coursed rubble work. 
The depth oy thickness of the thickest stones is, as 
uw Yule, less thun the average or minimum depth or 
thickness of ashlar blocks. 


Btone combined with Brick in Walling. 

Stonework js often combined with brickwork; the 
brickwork generally forms the outer facing of the 
wall, ax at aia,e eee dd, tig, 28, the interior or 
heart of the wall being filled with vandom rubble 
work, or, if desired, with coursed rubble work— gene- 
wally rough rubble is employed, Combined brick and 
stone work is, however, the reverse of this arrange- 
ment; the outer ficings 
being built in coursed 
rubble, as ata, tig. 29, 
the heart. of the wall 
being filled in with 
brickwork, us 60, In 
all combinations of dif- 
ferent kinds of work 
or dnateriais, such sus 
brick with rubble work, 
msdn fig, 29, or with 
aghlavand rubble work 
—of which latter, by 
supposing the outsides 
or faces to be in ashlar 
or straight-outlined blocks in place of rough, as shown, 
lig. T wmmy be taken as an illustration—-the greatest 
eave should be tuken with the “bonding” of the 
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different materials, so as to provent rupture of the 
courses by uneven settlement of the walls, ov by 
irregular pressure on them. 
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THE GEOMETRICAL DRAUGHTSMAN. 
WORK IN THE CONSTRUCTION OF THE FIGURES 
AND PROBLEMS OF PLANE GEOMETRY, USkFUL IN 
THECUNICAL WORK. 


His 





CHAPTER I, 
Introductory, 

GROMETRY has been called a universal seienea. It is 
difficult to mume the technical work or urt in which 
its principles are uot exemplified and the practice of 
its branches not required to a greater or less extent. 
Its lines, forms, or figures, are met with everywhere, and 
in its problems are involved principles on which some 
of the wost Lnpomtiumt work of man is dependent. 
In the arts of construction, of whatever kind, to the 
work of the general urtificer its help is indispensable, 
Tn the varied forms or bodies which ure invade or 
constructed by the manual skill of the workmen, or 
wrought into an endloxs diversity of shapes or con. 
figuuations by powerful or delicate machinery, its 
lines and figures ave displayed 5 and many who are 
ignorant of its principles are nevertholess in their daily 
labour working out the problems of geometry, on 
methods or systems prepared for them by those who 
know those principles well. Miven in branches of auun’s 
work known generally as artistic, and with which in 
popular extimation geometry has little coneern, its 
principles are more or leas developed in thei practice ; 
ind the printer of a lualseape or of a figure subject, 
or the designer of decorative ornament, docs part of 
his work in neeordunce with rules whieh are based 
on purely geometrical problems, 

Wide Range of Practical Technical Work, in which the 

Principles of Geometry are Exemplified. 

But if it be xomowhat difheult to trace the con- 

nection of the science with somo departinents of the 


Jnbours of man—for example, as those just mamed.. 


there is a. wide range of workin which this connection 
is xo obvious that it is appurent even to the most 
eareless of observers, This wide range of work cm- 
braces all the branches of construction, of whatever 
kind, be it that concerned in the various branches of 
building, of machinery, or of architecture and on- 
gincering ; as well as in‘a grent number of the opera- 
tions of what may be enlled genernl work. The 
bricklnyer and the mason eannot erect a stable wall, 
or set out the directions which it asevines in relation 
to another, or to other walls, without availing himself 
of methods which ave purely and essentially geometrical 
in their principle. The sume is the case with the ear- 
penter, the joiner, the evbinet maker, the machinist,— 
who cannol cut out or form the various pieces or mem- 
hers of their work, or put them together to form the 
complete construction, without exemplifying at every 
step of their progress some one geometrical problem 


or another, ‘The metal worker, the coppersiith, the 
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tinsmith or brazier, the boiler maker, cannot cut out 
on the flat the pieces of metul which, when bent or 
curved or placed together, assume the forms or bodies 
which they desire to muke, without availing themselves 
of methods of “setting out” their work which are 
based upon some of the highest, as they are the most 
interesting, of geometrical problems. Nor less can 
the ornamental or pattern designer, the landscape 
gurdener or the like cullings, which are more or less 
artistic, seb out their intricate lines and figures without 
the aid of geometry. Of all this, oxamples numerous 
and striking are inet with in everyday life, and will be’ 
more or less fully illustrated in one or other of the 
papers in this work, under such hends as “The 
Carpenter,” “The Joiner,” “The Bricklayer,” “The 
Stone Mason,” “The Cabinet Maker,” “he Generml 
Machinist,” “The Young Architect and Fugincer,” 
and specily in such papers as “The Building and 
Machine Drevughtsman,” ‘The Ornamental Draughts- 
mina,” and in those papers taking up the various 
branches of the genemu subject of “ Fomn and Colom 
in Tndustrial Decoration.” such as Mouldings, Orna- 
mental Carpentry Work, Metal Work und Masonry, 
The Geometrical Problems oarried out in Technical Work 
too frequently. done by ‘the Rule of Thumb" without any 
Knowledge of the Science. 

But, wide as we thus see is the appleation of 
geometrical problems to the everyday work of the 
constructor, the artiticer, and the designer, it is never 
theless true that ina very large number of instances 
these problems are worked out simply by what is 
called the “rule of thumb.” The methods have, in the 
workshop, been handed down from one genermtion to 
another, and workman after workwan does whit as 
heen done bofore him in the most absolute ignormnce 
of the facet that he is constructing figures or fomning 
bodies by methods which are based ou, or fom com- 
plete problems in geometry. Such workmen—anid 
they are but all too numerous—do their work, but 
they have no conception of the “ reuxon why ” they 
do it, and why it must be done in that particular way 
if it bedone atall, Hence it comes ubout, axa naturel 
consequence of this state of matters, that if any work 
is to be set out, tizures formed, or bodies made, which 
are new to them, involving new geometrical con- 
structions, they are, to use a graphic phrase, “quite at 
xen,” and know not how to procecd, 

Practical Value to the Technical Workman of a Knowledge of 
Geometry.-- Boope and Scheme of the Present Paper. 

It is sxeavecly uecessary to KAY that if to the 
manual dexterity with which they druw old estab- 
lishod figures, or form the well-known lodies the 
methods of doing which have been handed down from 
one set of workmen to the other by the rule of 
thumb, they could add a knowledge of the principles 
upon which the work was based, that work would 
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be all the better, because more intelligently done. 
And with incrense of intelligence as to the nature 
of bis work will come an increase of interest in the 
doing of it, and the doing of it better will be the 
almost inevitable result, It is the union of practice 
with theory which gives to practice its highest value, 
its greatest help to rapid progress in improvement. 
Qn this point the reader may read with profit some 
vemurks which he will find in the early paragraphs 
of the paper in this work entitled “The Workman 
as a Technienl Student-—Tlow to Study, and What 
to Study.” It is quite unnecessary, after what has 
heen suid, and in view of what the reader will have 
for himself decided as the right thing to be done, 
to offer further remarks on the value to the workman 
of a systematic knowledge of the science of geometry. 
Not merely as aiding him ereatly in doing the work 
he has been accustomed to do better, because no 
longer dependent upon the weak support: of custom, 
habit, or rule of thumb, but as opening up to him a 
range of problems by which he will be able to under- 
take a wider and a higher class of wovk, and thas 
raise his position as ni workman, will this svstemutic 
study of geometiy be of great valne to him. Tn 
commencing, then, this study, it is only necessary to 
state Chat the teehnien! requireauicnts or wants of the 
workman will be closely lovoked after in the arrange- 
went of the paper under our present title. We shall 
have of necessity to go over the same ground which 
soamany have traversed before us, and this inasmuch 
ts dn on fixed seienee like that of geometry, its eon- 
structions and problems are tho same in all eases, 
But although we duive the sane ground to gO OVX, 
we shall endeavour to traverse its surface ina way as 
agremible und as practically suggestive ax possible, 
and may perhaps he fortunate enough to present 
ald objects under a new aspect, or suggest new ways 
in wluch they may he applied in pructice, The paper 
is bared us a rule upon two execedingly uble and well 
arranged Continental works, from which many of the 
Ciagrams Wustating construction have been tuken, 
together with many remarks bearing upon them, 
But, as already hinted at, there will also be much 
given in the course of the papers which is new, or at 
lenst’ which will have new application. Taking the 
paperas a whole, we teust it will be found of truly 
practical service to those of our readers who are 
ambitions to make that progress in a thorough 
knowledge of their work which alone can insure and 
will deserve success. 
Origin of the Science of Geometry, 

Tf the reader will turn to the Dissertation preceding 
the “Cyclopwdie Dictionary of Technical and Trade 
Terms,” forming part of thix work, he will seo in 
classical words the linguistic root or derivation of 
the word ‘‘ Geometry.” The science was in its earliest 


developments applied, doubtless, to the mMAEK ig off 
of those lines om the surface of the ground whi, 
served to distinguish the property or the plot of land 
cultivated by one man from that possessed or cyt. 
vated by another. And this was done in the first 
instance, as may rensonably be conjectured, not ao 
much for the purpose of preventing disputes betwoen 
man and man, or putting a stop to encroachments 
of those ambitious to possess the land of their neg; 
and quieter neighbours, as by the government for 
the purposes of taxation. In Egypt, where the 
science of geometry first took rise, the whole land 
bordering on the bunks of the Nile, the only source 
of fertility in that rainless land, was plotted off into 
a yast nwnber of allotments; and as each cultivator 
had to pay io the government i certain tux pon 
the produce of his soil, and probably also on the 
extent of his land, it was necessary that means should 
he had to ascertain precisely what was the extent, 
surfice, or area, possessed by ench, And as to all 
lunds or soil surfaces the generic term “ carth ” was 
applied, the art of imensurement of such surfaces 
nme to be known us geometry- that of earth- 
nensuring, Jn process of time the science and its 
applications became more und more extended, till now 
it eludes within its domain all that relates to tho 
space oceupied by what we eall surfaces-- figures or 
outlines—and the bulk, size or volume of the solid 
substances we eall bodies, 
Certain Terms used in Geometry. 

Auvthing which falls within the domain of our 
seuses in called by the geometriciun a“ body,” 
Every body occupies a certain portion of space. Space 
cannot be detined: the idea of space comes intui- 
tively to man, like that of time. Geometry in the 
abstract dyes not coneern itself with the materials of 
hodies ; it only considers the space which they occupy, 
or the bulk, size or voluine they form, The meaning 
of the word “surface” is generally known ; it is the 
line which separates a bedy from the surrounding 
space, It may be popularly defined us the face of 
an object. Surface has no thickness. Geometrically 
oy abstractly considered, what is termed a “line” 
results from. or is produced by the intersectiou of 
two surfaces: and ns a surface hus no thickness, it 
follows that a line has neither width nov thickness, 
What is called a “ point” results from or is produced 
by the intersection of two lines; und hus therefore 
no dimensions Jn wny direction. 


Burfaces.—Figures, —Line.-.. Point. 

A surface having only extent, that is, width or 
brendth and length, but no thickness, and a line 
the result: of this intersection or cutting of two sur- 
faces, having only length but not breadth, a “point,” 
which is the result of the intersection of two lines, 
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can ouly have position. Surfaces are made up of 
boundary lines, conceived of us existing in spaces 
and ull surfaces so formed are in geometrical language 
called “figures.” But to construet figures for prac- 
tical purposes, the points and lines of which figures 
are made up, and which give creation to them, must 
be visible to the senses. We thus give to a point 
actual dimensions; for whether we make it by means 
of the point of a needle, the sharp end of the leg of 
a pair of compasses, or by that of # pencil or a pen, 
it 1s possible to be measured, however minute. And 
so in making or drawing a line, whatever be the 
instrument or implement by which we form it, 
however fine it may be, it also in its breadth cun 
be, a8 it Is capable of being by delicate instruments, 
ineasured, Mechanically wo can produce a point by 
any instrument adapted to the purpose ; geometrically 
it is produced by the intersection of two lines. And 
a line considered by itself has been defined us a 
junction of a series of points, 

| Plane Geometry, then, may be defined as the science 
of “figures,” tenching us how to solve by thelr aid 
certain questions whose utility has been anude known 
tous by the developments of the different sciences, 
Solid Geometry is concerned with “ bodies.” Of 
those two great. divisions of the science, known by the 
generic title of “Geometry,” we take up first that 
of * Plane.” We commence our various seetions of the 
rjence ‘of figures by defining a number of terms 
frequently used in its study and practiea) application, 


Right Lines—popularly termed Straight Lines. 

The first subject we direct, attention to is that of 
right lines, or, ax they are popularly termed, straight 
lines. We have endeavoured to define what a dine 
geometrically or mathematically considered is. But 
ax an elegant French writer on the subject snys, 
however ambitions may be the human mind in the 
use that it makes of its reasoning powers. It must 
hovertholoss resign Itself to leave certain things with- 
out definition, as certain truths without demonstration, 
This is the case with the straight linc. We have simply 
an idew of it, nothing more; and this iden we have 
ncquired by the hihitual contemplation of the various 
objects surrounding us in duilv life, All the dei- 
nitions which have been attempted to he made of the 
stridght line are only explanations @ posteriori 
that is, from the enuse to the effeet, and it may well 
be doubted whether any of them could convey the 
idew of the straight line to a man deprived at once of 
the senses of sight and of touch. 


Characteristics or Properties of the Right or Straight Line. 
We must content ourselves with the idea merely of 
the strright line. But from this we attribute to it the 
followiag properties; Ist, It is everywhere identical 
to ivelf, in whatever way it is turned, -it never 
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changes; 2nd, It is the shortest way between any 
two of its pointa; and, Jastly, through two given 
points we can make only one single straight line pass, 
and no more, 


Conclusions drawn from the above-named Properties of Lines. 

From these properties, or attributes rather, we con- 
clude that two distinct straight lines can only have a 
single common point, for if they had two common 


- points they would not be distinct. From the idea which 


we have of the straight line, we can conceive it to be 
indefinitely prolonged in its two directions, We draw 
a straight line, or by abbreviation a line, through two 
of its points, which we call a,b; it is thus that we 
give it the name of a straight line ~thut is, the line 
which passes through the two points. Jf we had to 
consider more particularly the portion comprised 
between the two points, we should say the portion or 
segment of the straight line, but for the suke of 
brevity the straight line @ 6, or merely the leugth a 4, 
Lines other than Right or Straight—The Bent or Zigzag 
Line—The Curved Line, 

A line composed of consecutive portions of different 
straight lines connected with ov joined to euch other, 
Dut going in different directions, is by some enlled a 
polygonal or irregular line: the best idea of this is 
given in the popular term “zigzag.” If a line be 
neither of this charmetor nor a simple straight line, it is 
a “eurved line,” or more simply a curve.” We give 
to the lines. cither zigzag or curved, certain quali- 
tivations which depend on their form. Thus, for 
example, aw line is said to be closed or determined, 
whet in starting froma gived point of this line, and 
following its contour, we come Taek again to the 
starting: point, 

A Bent or a Zigzag Line, or a Curved Line, returning into 
itself or closed, forms what is called a Figure, 

A vigaag dine thus returning into itself, to the 
sime point fron which it is started, gives what is 
qilfed a form oy shape or a configuration, move siaply 
n figure: nad according to the nuinber of turns the 
zigwag uakes we give ao name to the figure. The 
fewest niumber of straight Tines required to form a 
fienrve is three, and to this we give the name of a 
“triangle.” Lf there ave four lines forming the 
figure, we ul it, vecording: to their Jeneth and their 
position in relation to ene other, either a ‘square,’ 
nh *vectangle,” a“ parallelognan,” a “rhombus,” a 
rhomboid,” or aw “trapezium "oor Ss tripezsoid.” Lf 
the fignve is made up of more than four lines, we 
hegin wv series of whit are called © polygons,” that is, 
nuny-sided, but to Which definite names are attaeded 
according to the mugnber of dines, ‘Thus a five-lined 
figure is eatled ae pentagon,” an eight-Hned one an 
“octagon.” Figures such as those now named nuvy 
be regains or irregular, 
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THE GRAZIER AND CATTLE BREEDER AND 
FEEDER. 


Tue TRCHNICAL POINTS CONNECTED WITH HK VARIRTIRAS OR 
BREEDS OF CATTLE=THEIR BREEDING, REARING, FEED- 
ING, AND GENERAL MANAGEMENT For THK PRODUCTION 
or BUTCHERS’ MRat AND OF DALRY PRopuce, 





CHAPTER IV. 

Tw preceding chapter we gave in its last paragraph 
an illustration of, a prize Shorthorn Ox. The general 
characteristics of the frame or contour of the breed, 
or its points, will be so fully illustmted and described 
hereafter, 

1t was in the early days of the breed often called 
the “Tees Water.” Its history is a vory involved 
and tangled one, the facets or cireuinstances re- 
corded by some being disputed or contradicted by 
others; while beyond a doubt many, which would 
be of exceeding interest now, have heen lost beyond 
ull hope of recovery. Nor is this diftienlt to he 
accounted for, We have prrallel cases in abundance 
in branches of industrind work other than that of 
farming or grazing, Tnventors of machines and 
processes, oxpectully in the early days of certain 
branches of work, were auxious chiefly, if not 
indeed wholly, to wake those improvements without 
which they saw clearly that no really valuable and 
profitable results could be obtained. This so absorbed 
their attention aud consumed their time that they 
had none left to record the steps by which they went 
from one point of improvement to another, even if 
they—which is very doubtful. -were able to trace back 
from any one point of advance to the first or natural 
step in improvement which they took, through all 
the minute details; and the truth appears to be that 
grout inventors or improvers are thinking much more 
of what their work can for their present time do for 
themselves than of what posterity will think of them 
ov of their work, Nor, sunguine as inventors or ime 
provers ure said to be asx to the value which their 
successors will sel upon their Jabour, is it given to 
every one to foresee, us it were, the outcome of any 
invention or improvernent. ‘The party inventing may 
have but a very limited conception of the potentialities 
of his design or process, Doubtless, if one had even 
n fairly clear conception of how the invention or 
process he was working at was in time to prove ono 
af the great factors in working out the sum of our 
nitional prosperity, he might very well be disposed 
to sit down and patiently and fully to record all 
the fuets and cirenmstances connected with his work. 
But, seeing that the greatest of successes are renched 
only through the obstacles of a quickly recurring series 
of failures, it inay wel) be questioned if every one 
would have ventured upon the cindid explanation of 
what those failures were—though the most of them 
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would be conscious that there wax much to be lenrned 
from failures; the “how not” being as valuable to the 
thinking mind as the “how” to do it. How often do we 
hear engincers, for example, regretting that our great 
inventors have not handed us down a record of all the 
steps of their progress! Such considerations ure not 
without value; in truth, they possess much to our 
technical readers, and find therefore an appropriate 
place in connection with other papers on industrial 
subjects in these the pages of the TEcuNn1ca JouRNAL. 

Unsatisfactory, however, as aro the records of the 
history of the shorthorn breed-—-which is mainly the 
history of modern cattle breeding, as the principles 
evolved by shorthorn breeders and the details of their 
practice Lave practically dominated the improvement 
of all other breeds—there is enough left on regord to 
give » position marked enough to a few names as the 
practicul originators of the modern breed. We have 
seen that the breed at one time was known by the 
names of the * Durham” and the “ Tees Water” breed; 
thev were, however, distinguished by other titles, 
such asthe “ Holderness,” the ‘ Lineoln,” the © York- 
shire,” and the “ Tweedside.” George Culley, the 
author of «a work on “ Live Stock,” very frequently 
quoted ax an authoritv—dnite of publication of the 
second edition being 1704, the first edition having been 
ixsucd nearly 8 hundred venus ago—-scemns to have been 
the first to give the name “shorthorn” to the breed, 
though with this le joined the term “Dutch.” His 
reason for calling them the “Short-horned or Datel 
kind ” of enttle was derived from und based upou the 
following circumstances. first, that in many districty 
the regular name given to the breed was that of the 
“Duteh.” Secondly, that their doce/e was almost ex- 
clusively along and in the neighbourhood of the eust 
const of England, facing, and therefore having the neur- 
ext and nost rapid eommuniention with the Continent 
on the opposite side of the Channel; in the districts 
wlong and contiguous to which animuls of (he sine 
class or kind were in Mr, Culley’s days bred largely, 
The English district in which the breed thus had ita 
locale veached from the southern part of Lincolnshire 
down to the borders of Scotland, And the reader will 
have noted that the various names we have given as 
those by which the breod was at one time known indi- 
eated localities nll along this sivetch of coast, as the 
“Lineoln” and “Tweedside” breeds, A third reason 
for Mr, Culley axsuming that the shorthorn breed was 
originully a Continental one, was that a well known 
breeder of his day, eclebrated for having the best breed 
of shorthorned cattle—-a Mr, Michael Dobinson, of 
the county of Durham —-went in his younger days to 
Holland to purchase bulls, which he found of grent 
service in improving his stock, It does not in any 
way militate agninst the conelusion here arrived at, 
that succeeding Mr. Dobinson, other and less cureful 
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breeders imporied bulls from the Continent, which 
being bad, produced a very degenerated lot of animals ; 
and these having their Aubitat in districts nlong the 
river Tees, gave a bud reputation to the brecd, which 
it took a long course of breeding on other and more 
sensible lines to gut rid of. Who the breeders were 
that at last) gave tho breed of shorthorns the high 
reputation they now have, we are now wbout to glance 
at: this reputation, us we have already pointed out, ix, 
in fact, the highest, ns of ull cattle shorthorns bear 
away the palm everywhere and always as the most 
excellent. 

Whatever be the conclusion arrived at as to the 
nceuracy of the view just stated, that the shorthorn 
breed came originally from the Continent, there is 
unfortunately too little in the way of recorded well 
vothenticated facts to enable any one to sey with abso- 
lute confidence what wis its origin, Beyond all doubt 
it Keems, however, to be that for long this variety or 
breed of euttle was reprosented by animals so course in 
quality and bad in form that little was done in the way 
of improving them, shoply beenuse, as it xeens, the 
fow gragiens and farmers of the eurly times who paid 
ntdention to the development of caltle had little or 
no oncotageoment to take this breed ju hand as the 
lasis on which to found a thoronghly improved breed, 
And in connegtion with this we certainly have the 
suggestive fnet that Robert Bakewell—who mny be 
suid to be the parent or originator of the modern 
scienoe of live stock breeding—after trying many 
breeds in order to arrive ato a conclusion us to which 
would be the best. fo improve and found aw now strain 
ov blood of stock upon, did not select the shorthorn, 
but took that breed known as the “Tonghorn,” Of this 
breed we shillin o future parngraph give a deseription 
und in connect.on with this we may have yet more 
to sy regarding Mr, Bukewoll and what he did in 
promoting the interests of careful cattle breeding, 
Description of the Shorthorn, the Breed ‘par excellence” of 

Modern Fattening Cattle, continued —The Early Breeders 
—Celebrated Breeders. 

Of the early or enrliest breeders but little com- 
piratively is known. The Mr, Dobinson alrendy 
numed was one to whom the breed owed a good del. 
Other breeders of the period were Mr, TTill, the 
Messrs, Culley, n Mr, Milbank, Mv. Hutchiuson, Sir 
William St. Quentin, Mr. Charges and Mr. Maynard, 
of Eryhohne, near Darlington, und several others, 
now seareely known even by name, The last-named 
breeder, Maynurd- or rather the breeders known by 
thiy name, for there seem to have been more than 
one of the family devoted to the improvement of 
cattle— deserves, however, to have a more frequently 
alluded-to place in the records of shorthorn history, 
inasmuch us fiom stock renved by them came the 
celebrated shorthorn “Comet,” whieh Jing been named 


255 


by one authority as “the veritable founder” of the 
modern breed. Mr. Jumes Brown, of Aldborough, 
(eserves mention here as one of the carly breeders 
who did good work in the improvement of slock,— 
such good work, indeed, that Bates, herenfter to be 
specially alluded to as one of the best known of recent 
breeders-. alwnys maintained that “the first bull was 
the best,” and this was bred by Brown, somewhere about, 
the year 1770. But, however valuable this particular 
unimal might be, his fame has been totally celipsed 
hy the celebrated bull “ Hubbuek,” whieh was bought 
hea joint venture by Mr. Robert Colling and a Mr, 
Waistell from a Mr. Robtuson, for the simall sum of 
aight pounds. This celebrated bull, which has been 
somewhat oddly termed the “Abvalinm of the short- 
horn breed,” was calved in the year 1770, on the farm 
of Wurworth, near Darlington. Comparatively little 
is known as to the points of this celebrated bull» but 
according to all that ling been left with reference to 
him, he was an animal combining in aw remarkable 
degree the capability to take on flesh with great 
rapidity, with lightness of offi and au almosé perfect 
symmetry of form.  -lis colour was not the more 
modern, and now generally popular “von,” but the 
old, and thou highly esteemed yellow and white, The 
horns were claw and wax-like in texture, the eyes 
Insight, yet mild, and the gener] expression of the 
fuce very pleasing.  TTis “touch,” or handling these 
terms, or rather this term, alrendy alluded to in 
preceding paragraphs, will be fully desxeribed when 
we go into the principles of breeding: was re- 
markably fine, so wnuch so that no animal of the 
period could approach him in this most valuable 
eharucteristic, Although so little is now, or has 
indeed in most of our agricultural works ever been 
given, as to the good work done by early breeders 
in the improvement of the shorthorn, what has heen 
given and inove night here live been added did our 
limited space admit of it— will sites to show that 
great, indubitably grout, ak was the work of those 
breeders whose names~as those of Collings, Bates, 
and Booth—-have become, xo to sity, stercotyped in 
all farming works as the true founders of the improved 
or modern shorthorn, those more modern breeders 
were greatly indebted to them, So much so, that: in 
the opinion of some who are entitled to bo taken ag 
authorities, the term “the real nnprovers of the 
breed” shonld be given to the onrly breeders, some of 
whose names have come down--and, unfortunately, 
but little more than names to ous, others now and 
for ever Unknown or Wnrecorded. There seems to be 
Little doubt but that the breed, by whatever uae it 
his been or was for a long tine known, was established 
in the districts we have already in oa preceeding paras 
graph named, from what is practically time tmnie- 
movial; thatimany farmers and graziers and landowners 
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This bull is thus deseribed bv a writer: “‘ Fuvourite’ was 
a large massy animal, purtuking more of the character 
of his dam (‘ Phoenix,’ 16 in the above list), than that 
of his sire. He possessed remarkably good loins, 
and long, level hind-quarters; his shoulder points 
stood wide, but were somewhat conrse, and too for- 
ward in the neck. His horns also, in comparison 
with those of ‘ Hubback,’ were long and strong, . . . 
He was a powerful animal and of good constitution.” 
Asa proof of this good constitution, it is stated that 
Mr, Colling used to show with grout pride a fine 
large heifer from him of direct “ in-and-in” breeding, 
of sire to daughter, granddaughter, and great-grand- 
daughter, and so on to her of the sixth generation. 
The bull calves of “ Favourite” were like himself 
generally, a little coarse, but possessod of good constitu- 
tions. “ Favourite” was so estoemed as a sure getter 
that he was used as long ax he could be used, Tle 
lived to be sixteen years old according to one authority, 
by the sintement of another he was slaughtered when 
he was thirteen years of age. Jt will be interesting 
to note here the dimensions of the celebrated bull 
“Gomet,” to which reference has been more than once 
made, Ile stood at the hind-quarters a height of -f ft, 
114 in., at the shoulder 4 ft, 11jin., to the knee | ft. 
Bin, to the hock 1 ft. 6in., from the ground level to 
the brisket 1 ft, 6 in., to the chest 2 ft. lin., the length 
of the animal from poll to tail 7 ft., length of the fice 
1 ft, Sin, of the horns 8 in, brendth of the face across 
the eyes 105 in, neross the dups 2 ft. din, girth or 
round, measured round the neck 4 ft, round the chest 
7 ft. 44 in, round the cheek and forehead 4 ft., round 
the kneo 16 in, round the bone of foreleg 84 in, 
round the coronet of fore foot 138 im., reund the bone 
of hind-leg 10 in, vound the coronet of hind-foot 
14 in,, round the hock 31 in, Giremmiference of horn at 
root 8 in, 

Devoting their cuergies, their business habits, and 
their skill in cattle to the careful cxtablishment of the 
bio now known all the world over as the Shorthorn, 
the Collings, by their sure aptitude in judging the 
points of fatting eattle, and great. skill in applying this 
to the breeding of stock, ure now adinitted to have 
been the first to introduce an altogether new era 
in the history of farming, and to which may be 
given the name of the period of the finest of 
animals selliny at the highest of piiecos, both quite 
unknown before they began their labours,  Begin- 
ning their work not much before the opening of the 
ninetwonth century, they were able, by the end of 
its first decade, to get, as Mr. Charles Oolling got 
in 1810, one thonsand guineas for a bull belonging 
to his herd: -n pricowltogether unexunpled, and whieh 
tended to give that herd a reputation which it 
Great as this price wis, it lias in more 
for some shorthorn 


never Jost, 
recent times hoon greatlyexecedad 
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celces descended from Charles Colling’s herd were sold 
for within a trifle of five hundred pounds. With 
Colling the reputation of a breeder of the highest 
cluss was shared by another eminent man—Bates 
of Kirkleavington; and at a later period another 
great breeder appeared on the scene, in Buoth of 
Killerby. Of this great trio, the two last named 
—Booth and Buates—founded “schools,” so to say, 
of breeding, which have taken the lead, and have 
had numerous adherents, each class of which cleave 
with such remarkable loyalty to their school that not 
a few discussions have taken place as to which was 
the best, the “ Booth blood” or the “ Bates blood.” 
Now, compured with the few who reigned supreme 
ax breeders of the shorthorn in the early diys of 
improving pietice, we have breeders so many that 
their name may be said to be legion; and of this 
great number innny have been and are now eminently 
sticcossftul, Of these we have not space to give even 
w bare list, and must therefore refer the reader to 
the pages of the farming journals of reeent and 
compiratively recent issue for full information as to 
those modern breeders. We can only extend the 
etrly history of the breed of shorthorns by a brief 
paragraph, 

Early History of the Shorthorn Breed.—The Eminent 

Breeders, Bates and Booth. 

In the venr 1810 the eelehmted herd of Charles 
Colliug, at Ketton, was broken up, and the animals 
brought large prices at the sale. One of the pur- 
chasers was Mr TT. Thites, who bought for the sum 
of a hundred and cighty-three guineas the cow 
“Young Duchess.” two years old, by “ Comet,” darn 
by © Favourite.” This cow beeame one of the, if not 
the most celebrated of the modern shorthorn breed. 
To her “blood” Bates kept unflinchingly, with but. 
one exception, When he took n cross” with the bull 
“ Belvedere,” of Stephenson's breeding ; and to this 
perseverance in close breeding anay be attributed the 
remarkuble success with whieh Bates carried on and 
completed his career as one of the greatest. lneeders 
of modern times. But still the sueeess with tho one 
single “cross” with which he broke through his 
established rule, was in itself remarkable, for with 
the bull “Duke of Northumberland,” the result of 
the cross (together, however, with two heifers of the 
pure “ Duchess blood"), Bates took every prize which 
was offered at the first show held by the Royal Agri- 
cultural Society of England, at Oxford in 1889, a 
year now ¢laxsicul in the annals of British agricul- 
ture, as it was the commencement of work by this 
Society in advancing its interests in every direction, 
scientific and practical, of which it is impossible to 
overestimate the value and importance. With but 
a few more “ prizos” Bates closed his brilliant and 


successful cureer, 
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THE COLOUR MANUFACTURER. 


WITH PRACTICAL NOTES ON THE USE OF PAINTS AND 
DYKS IN DECORATIVE WORK, 
PART FIRST.-PIGMENTS, 


CHAPTER L. 
Introductory. 

JOLOURING matters as articles of commerce occupy 
nw high place amongst all nations, savage and civi- 
lised alike: and as muu becomes more educnted and 
refined, their use increases, As few objects in 
nature are devoid of distinctive colouring, xo also 
few manufactured articles used by man ape entirely 
destitute of ornamentation by the application of 
either paint or dyo in one form or another. The 
reader need but glance around him, in whatever in- 
habited place he happen to be, in order to realise this 
fact. Tlence the importance and the interest of our 
present subject, 

The mmnnufactures of pigments nnd dyes are essen: 
tiully chemical art, The former is, generally sperking, 
t stinpler inatter than the latier, Pigments are «ll 
either obtained from comparatively siinple and well 
known inorganic dyes, whose composition is readily 
ascertained, ov from na dye and a precipitating agent : 
but dyos are mostly produced from complex organic 
substanees of which the composition is often but. 
approxiinately known, and the properties but partially 
vaderstoad, Tt is convenient, therefore, to divide the 
subject. of colours into the natural divisions of Pig- 
ments and Dyes, Some pigments are found in nature 
inn state ready for use, except as regards grinding 
und washing; but the majority ave umuiufactured 
from outively, or nearly, colourless matorials by the 
appliention of methods detated by the setence of 
chemistry. And whilst many pigment makers do not 
profess to be acquainted with any of the principles of 
chemistry, yet. they employ cheimieal methods, learnt 
by long experience, and they undoubtedly would 
profit by such knowledge, as they would thereby 
know their business more accurately, and would be in 
a better position to improve and possibly extend it. 

What isa “ Pigmont ” or ‘‘ Paint"? 

A pigment is a coloured imsoluble substance 
Which may be ground up to a fine powder and, 
incorporated with certain oils, ete, applied to the 
decoration of articles, When prepared, either moist. 
or dry, in a state fit for applying with a brush 
or pencil, it is termed a “paint.” These are our 
definitions, to which we will adhere throughout 
our article. The words pigment and paint imy be 
slightly otherwise defined, but for practienL purposes 
our definition is both necurnte and convenient, Piy- 
ments are always insoluble in the water or othor 
medium with which they are mixod in using; a colour- 
ing body applied in a state of solution constitutes a 
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dye. ‘Throughout our article we will employ the term 
pigment” to denote the insoluble body in # state of 
fine division, cither dry or in an aqueous paste, 
unmixed with other substance. The word “ paint” 
shall signify a piginent mixed with certain substances, 
rendering it fit for application -such as drying-oil 
or gum. The term “precipitate” we will use to 
designate an insoluble coloured compound obtained 
frou a liquid by chemical action, but not dried or 
collected and prepared for use In the arts. The word 
lake” we will udopt to indicate a precipitate formed 
from a dye by the action of alum or other substance, 


Principle of the Use of Pigments, 

A clear conception of the principle involved in 
the application of pigments to ornamentation. as 
distinguished from the use of dyes and “ stains "— 
facilitates the study of pigments und painting, Tn 
using ®& plgment as a menns of imparting colour it is 
necessary to mix itintimately with a liquid coutaining 
a substance that will enuse the pigment when spread 
ont with a brush into w thin ayer or conting, after 
drving, to adhere to tho surface of the article printed, 
and so, iving on the surface, display its colour to 
fill advautage, without being hidden by the medium 
used. Ln common painting the pigments ave mixed 
with some such substance as an oil which, on drying, 
forms a hard transparent glue or size, which eflectually 
cements the pigment to the article without interfering 
with its colour, In fine otl-colour painting oils and 
resins ave used for the sume purpose, turpentine 
being generally present to dissolve or woften the 
fustencr used, ln paper etadning the pigments aro 
upplied by printing, mixed with adhesive matters, so 
that when the paint dries the pigment adheres—the 
subatunces used being chiefly glues and gums, In 
coloured paper making the pigment is mixed with the 
pulp. Tn fine weater-coluur pointing the pigments are 
mixed with guim-solution; on drying the gum causes 
the pigment to adhere to the paper as firmly as is 
required, Lu glass, chine, and pottery colouring the 
pigment, or material necessary to form it, is applied to 
the article, which is then subjected to a high furnace 
heat. Tn eloth priuting the pigment is mixed with 
solution of soine such substiuce as will, on subsequent 
(reatinent of the printed cloth, cause the pigment to 
adhere firmly to the cloth—albumen being the fastener 
generally ndopted., 


“Opaque” and ‘‘ Transparent " Pigments, 

Pigments may be classed as (1) “ opnque,” (2) 
“transparent,” and a inedium ¢lass as (8) ‘ semi- 
transparent.” Those terms are self-explanatory, but the 
quiulities of these three classes of pigments may best 
be understood by Wlustration. If we'take red-coloured 
pebble, g grind it into a coarse powder in a mill, and 
mixing it with some drying oil oF gum water, npply 
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it with a brush to the surface of a white busin, we 
got a red or pink colour: but if we now pnint a blue- 
coloured article we obtain a vivlet colour-—due to the 
mixture of blue and red; the light penetrates the red 
pigmont, and the commingling of red and blue pro- 
duces of course violet; this is tharefore a transparent 
pigment, because it is possible to see through it, If 
instead of red-pebble powder we apply ivon-rnst powder 
wixed similarly, on both white and blue grounds, we 
get a red colour in both casca, ond not wm vtolet in 
the case of the blue ground, becwuse the light eunnot 
plenetrate the rust, and henuee this is an opaque pig- 
ment—il hides what is beneath it. A mixture of 
these two pigments would give ts a semi-transparent 
pigment, producing of course an effect midway between 
the extremes, When we wish, in painting, to produce 
wn elfvet by the blending of two cous or layers of 
colour, the top qureting must be on transpavent 
pigment. Lt must be remembered that the suue pig 
went may be opaqne or transparent according to the 
mode of preparation, as tho tiamsparence or opacity 
of a pigment depends chielly upon the aggregation of 
the particles-—in other words, on the fivanesy of the 
powders ‘Thus coursely ground glass is  timspavent ; 
very fluely ground, opaque. ft need hardly be snid 
that no pigment is absolutely Gesnsparent > the term 
is only relative, 


“ Drying " and “ Non-Drying” Pigments. 

When oi] is employed in the application of pigments 
the tixing of the pigment to.the surface of the article 
painted is due to the “drying,” or, specking necurately, 
the owidelion of the oil, whereby a resinous, trans. 
parent skin ix formed by the action of tho air on 
the oi! which holds the pigment in its place, Some 
pigments have the property of preventing or retarding 
this oxidation, aud consequently the paint does not 
“dry "5 such piginents are termed “ bad dryers,” and 
other substiunces are added to the paint to counteract 
this intluence--to cause the oil to dry. These arti- 
ficial paint dryers are frequently siccative substances, 
such as oxide und borate of manganese, the acetatos of 
lime and lead, and sulphate of zine, Some pigments 
aid in oxidising the oil, or at least offer no resistance, 
and hence ure termed good drying pigments. 


The Terms ‘‘ Body,” ‘‘Oovering Power,” and ‘ Density,” 
as applied to Pigments, 


The covering power, or body of # pigment, is the 
amount of surface to which a certain quantity of it 
will impart colour when spread out with a brush. It 
is, us will readily bo seen, an important factor in 
affecting the value of u pigment for industrial pur- 
poxes ; & pigment may be of » good shade of colour, 
but owing to its low covering power it may be too 
expensive to use, or inconvenient owing to the large 


quantity necessary to place on the surface in order to 
obtain that shade, Density neans weight or specific 
gravity, when applied to pigments, These, and 
several other physical properties of pigments, have 
an jutimete and important connection with their 
wpplication in the arts, and we shall have ovcasion to 
trent of each sepurately in detail in their proper places 
in the course of our paper, 


Some Chemical Properties of Pigments. 

Por certain purposes some piginents aust have 
particular chemical as well as physical properties, 
without which they cannot be inade use of. Thus, 
for many porposes, tt isa serious objection to a paint 
to contain lead, as this in contact with coal gus con- 
trining sulphur becomes black, ence the frequent 
objection te white lead -which is composed essentially 
of carbonate of lead—as a constituent of paints where 
coal gas or the fumes of burning eoal have aceess, 
Other chemical qualities of pigments will be natieed 
under their proper heads: sufliee if at present to 
remark that a@ey coloured insoluble powder of the 
desired shide is not suitable asa pigment,—its pro- 
perties, physical and chemical, must be considered, 
Pigments, morcover, must possess, in grenter or less 
dogree, certula qualities of fustuess or a capability to 
resist the action af such influences asx light, air, and 
moisture. 

Division of our Subject. 

Owing to the diversity of processes by which the 
vatious pigments found in commerce are produced, 
we have considered the best way to divide our subject 
to be that under the headings of the colours: uamely, 
white, red, yellow, orange and bull, blue and slate 
green, violet, brown, black and grey, Lt must be 
remembered that the pigments of similar colour used 
by coumon painters, by paper stainers, by calico 
printers, and by fine-artists, ure mostly produced 
by exactly the same chemical means, any difference 
in the commercial products being due to subsequent 
mechanical treatanent in grinding aud washing, ete. 


Pigment Whites in Common Use. 

The pigment whites commonly in uge are (1) white 
leud ; (2) zine white, Fronch while or zine oxide ; 
(3) Griftiths’ zine white, white lead substitute or 
sulphide of zing; (4) Baryta white ov sulphate of 
barium; (5) lime white, gypsum, or sulphate of 
lime; (6) whiting, Whilst treating the subject of 
pigment Whites, we will treat briefly of other white 
insoluble bodies which, although not commonly called 
“ pigments,” are yet practically pigments, and are used 
in the arts for u variety of useful purposes. These are 
(7) China clay, largely used in sizing or finishing 
cloth ; (8) sulphate of lead, which occurs as a lye- 
product in the manufacturo of avetate of alumina, 
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The WORK OF THE YounG ARCTITEGT OB BUILDER IN THE 
‘fTousKEs FOR TOWN AND COUNTRY. 


GHAPTER IV, 
In the concluding paragraph of preceding chapter, 
under the head of “ position of doors in bedrooms,” wo 
advised the young reader to make poncil sketches of 
the plan of cach room, tracing out all the possible 
arrangements of doors in relation to the furniture of 
the rooms; and that by doing this he would find that 
there wero other points affecting materiully the 
comfort of their occupants, than thoso pointed out in 
preceding paragraphs; and this especially in times of 


required by the invalid is of great service, ™"- 


although the door is best in the corner @ in the 
sare depo dingmm, as it gives space for the bed, 
| | 
h 


Seti Mpa 
4 
b, to be plueed in the centre of the partition wall 
next the lobby, ¢, this is also the best position, 
for it gives a space in the corner d for the “ wash- 
stund,’— this being so phiced that it will not interfere 
with the free working floor spice of the room. The 
dvessing-glass and table will thus be placed at the 
window, as in the second type diagmun, in the po- 


os ff, ome 


sition 8, which is the best for it. Another position 
fov the washstand might certuinly be im one. or 
other of the recesses @ orb, in the third dingrun, 
at the side of the firepliee «But us those recesses 


ren 


h 


should, in a well-titted bedroom, in ordinary or 


iniddle- class houses, be tilled in with perinunently fixed 
wardrobe presses or cupbourds, placing the washstand 
at either of those points, it, would obviously be in the 
way of the easy opening and closing of the wardrobe 
doors, Aguin, as it is always convenient, in times of 
sickness especinily, to have space at the side near the 
head of the bed for a small table to be placed there— 
the door a, in the fourth type diagram, should be 


placed as nen the cross wall @ as possible; this gives 
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the space ¢ between the door und thaside of the bed d. 
This would not be given if the arrungement was as in 
fifth dingrum, the space ¢ being too narrow. Of course 


ce PF eee 
the reader will understand that the eases here ilus- 
truted are those only likely to occur in small bedrooms 
— which ure, however, the rule, not the exception, 
Further Practical Examples of such Important Points as 
the Foregoing. 
Such points as the above—and other “small 
things,” ag by such phrase they are too often put 
out of court—are precisely those which mako or 





mar the comfort and convenience of a house. Our 
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Ith, Tita USe SV ai ALJOL wily } CELLU VW Lhtaus CUCL Was Ulits 


comfort of living caumot be in any sense unimpor- 
tant--certainly fur from trifling, The enses above 
- “awe mueh more dificult for the housewife 
to deal with whero the bedrooms are very small, and 
where the planner has thonghtlessly placed the door 
in a bad position. And we mny repent the state- 
ment of the fact, the existence of which ix certainly 
matter of great regret, that very small bedrooms 
are too much the mile in all classes of Jhouses; but 
on this point of house arrangement we shall in a 
future paragraph offer a fow remarks, Tuke this cases 
for example; and such an absurdity in planning as 
this has been perpetrated. Lot a 6, in our sixth type 
diagram, be part of a bedroom, ¢ a small dressing- 


f 


room or linen-cloxet, entering from the bedroom at 
d; ¢ the dour to the bedroom entering from lobby /, 
from which also a small closet g is entered; A the 
window. The tirepluce, 7, of the bedroom is placed 
in the cenére of the wall which is opposite d. Now 
where can the bed be placed? Not in the corners on 
either side of tho fireplace, us at f and &, for thoy are 
far too narrow; nor in the corner a, for the bed would 
then project beyond the line of the door, ¢; or if this 
door were even farthor from the wall d 4, the hed 
would still eome beyond the door e. The bed can 
in this case be placed only in the corner }, and tho 
end of it will project ko as to block up purt, if 
not the whole, of the window /, All such absurd 
difficulties should never be met with, And they 
would never be, if in planning a house special 
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plans on a larger seale of the bedrooms were taken, 
and the*hed space put down therein in ull posis 
tions, sO ax to ascertain which would be the best 
for it to occupy, If this were done, in many cases 
the planner would see that his bedrooms, however 
well and conveniently placed they seemed to be in 
the general plan, would not do when coming undor 
the hands of a housewife who has to arrange the 
furniture of the rogms and muke them, what thoy 
should be, convenient and comfortable. Tlow often 
do we heur the complaint made, “Qh, the house is 
very uice in many ways, but it will not do for us, 
—we cannot got our furniture into the bedrooms, so 
us to move about comfortably in them,”—-which, to our 
udud, is very much Jike saying, “Oh, the house is 
avery good house, but it cannob be lived in,” Surely 
living in a honse is precisely the ooject for which it 
was built, and no other, 

Practical Points connected with Doors as affecting the Con- 

venience of Rooms. 

The more hanging of a door is a mutter of somo 
importance, Doors to eupbourds, pantries, ete, are 
frequently hung in such a way that when opened they 
netunlly shut out the light of a window, as when it is 
blocked up by the door of a closet hung so as to open 
against the window, keeping at the same time the light 
from the closet. Now, by hanging the door on the 
side furthost from the window, when it was open 
the full light would be thrown into the closet: a great 
convenience, surely, in looking for or arranging things. 
At the same time the light from the window would 
not be so much obstructed, 

All doors to smal] rooms, as dressing-closets, enter: 
ing from a-larger room, should, as a rule, be made to 
open into the larger room, By reversing this method 
much of the space of the smmll room will be Jost. 
Thus we have known a dressing-room attached to a 
bedroom rendered most inconvenient by having the 
door opening dato it, Ag thus: in one cornor of the 
dressing-room was the wash-hund-stand, in the other 
w smal] chest of drawers; the door opening into it, 
between the two pieces of furniture, in such a way 
that any one atunding in front of the drawers and 
wishing to get into the bedroom hud first to shut the 
door, then pass to the space in front of it, then 
open the door and poss out; whereas all this could 
have been avoided by hanging the door so as to open 
into and aguinat the wall of the bedroom, So also in 
the hanging of doors opening into narrow passages ; 
this should if possible be avoided, especially if the 
doorway is in the contre of the pussuge, so that one 
may have oceision to go further soug it: the passuge 
‘is, in such a case, fairly obstructed by the door 
opening into it, if the pursage be narrow, by being 
so near the opposite wall that there is no roym to 
get past it till the door is closed. 


Hanging of Doors of Water and other Small Closets. 


In water-closets, from their being made as a rule 
HO small, the inconvenient mode of hunging the door 
sous Lo open ato the closet is speciolly annoying, as 
many of our readers must, have experienced, especially 
in town horses, Tn such eases, ax Chey often enter 
from a puxsage, of the two evils the lest should be 
chosen, aud the deor should be made to open to the 
passnge—although that may be, as muned ubove, in 
convenient-—in place of opening into the closet, "The 
hanging of doors of water-closets und privies i- 
generally carelosly done: for exmmple, this, than 
Which nothing could be more awkwiarde the party 
wiulking in has first to open the door, then crush 
himself up into the corner opposite to it, then shut 
the door to yet to the sent; the process being 1e- 
versed is just as absurdly tedious in) getting ont, 
All this could be avoided by simply hanging the 
door 80 (hat it would open against the outside wall, 
And as privies in a very Jarge noinber of cases in 
the houses of the working-classes, and the honses im- 
mediately above this class, are built in the bnekyard, 
there is no excuse for lack of room for the door to 
swing freely in. But this case applies also to closets 
placed in the house, aldhough not to these whieh are 
lurge and roomy- as all closets should bes as there 
is then room enough for the door to open inside, 
Aud this would be, perhaps, the better arrangement : 
as placing it to open outwards, ib might come in 
contact with the door of an apartment or closet nen 
to it, the door of which might ulso open outwards, 
Nothing is more disngreeable, and, indeed, dangerous, 
than doors clashing against eich other when opeued 
under such conditions of hanging. Lt would be oasy 
to multiply examples of badly hung doors, but we 
have given enough to show that: some nuount of 
attention at least is required in this department of 
house-fitting, where perfect convenience and comfort 
are wished for, 


Such Pointe as | 


The sune careful thought should be given to every 
part of a house, Lt is of little use to say thet mane 
points are mere triflox, We lave shown that nothing 
which concerns itself oven in Lhe slightest degree with 
the health, the comfort, or the convenience of those 
who live in the house is trifling, The architect no 
doubt thought it but a trifle that the kitchen not, be 
it remarked, of a cottage, or even of a nndadle-ehuss 
house, but of a large and ¢ostly amanston he had 
designed —should be reached by threa steps, and 
these, moreover, at the beginning or end of a 
long passage, much more distinguished by its durk 
gloom than by the clenr light it ought to have 
possessed, 
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CIIAPTER IV. 

Tre last parugraph in preceding chapter concerned 
itself with what to some may appear a point in the 
practice of the draughtsman of no, but is in reality 
of considerahle importance—namely, the handling, te. 
while examining drawings, more expecially if they be 
finished and elaborate, being in that crse the more 
costly and valued by the draughtsman. But the 
point obviously relates to the way In which clean 
sheets of drawing paper are to’be used for putting down 
drawings on. For it is of great importance to have a 
sheet perfectly flat, unecreased or unwrinkled, to work 
upon, Al) thik, as we have said, may to the young 
draughtsman appear a yery small or very trifling 
matter, qnito bencnth or beyond Jiis enreful notice. 
He will not think it either small or trifling if he has 
spoiled for hint by some enreless fellow, or carelossly 
spoil for himself, some valuable drawing which from 
the labour bestowed upon it he takes a pride in, And 
he will have rend to little purpose what in such a cuse 
we shall have written to as little effect, if he fails to 
see that we have lial the desire at lenst, in ko writing 
what we have, to give hin some hints of true practical 
Value on points of his work as a draughtsman, and 
specially us a designer, other than thoxe merely con- 
nected with Che stretching of his drawing paper on 
the bom. We deem it our duty here, and in all 
things we have to dilate upon, to inculcate the import- 
nnee of his thinking over all the pornts of his work so 
that tt be done in the bext possible way for hou to do 
th tn, 

The Gluing or Gumming Down of the Damped Sheet of 

Paper on the Drawing Board. 

In the “stretching” of his paper on the drawing 
bourd, the draughtsman has now got the sheet lying 
on the bonrd, with its damped or xponged face 
downwards, and with a uniformly flat, uncreased 
front. Jt is now to be secured to the bourd. This is 
generally done by the medium of glue. Some prefer 
gum, as being a more sightly and clenner substance, 
and one more grateful to the olfactory nerves than 
gluo is, 

If gum be used, however, it is essontin] that it be 
mado in a strong or thick solution, otherwise it will 
not hold. The glue or gum being prepared and kept 
in wu clean vessel, covered when not in use to keep out 
the dust, the next process is its application. Tike 
the T-squnre, and apply it to the board, so that its 
edge shall be from five-eighths to three-quarters of an 
inch from the edge of the paper; bend back the paper 
so that it shall lie, or partly lie, on the flat surface 
of the blade of the square, and in this position apply 
the gum or glue ull over the Japped point or “ margin ” 
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of the paper, and, of course, on its under side, or that 
which will be the under side when it is put or bent 
back ugain on the surface of the board, The finger 
is by far the best, although to some fustidions draughts- 
men it may not be the most pleasant way, to apply 
the gum or glue to the folded or bent-over edge of 
the paper, Tho gum or glue should be spread not too 
thickly, but uniformly, over al) the surface of the 
odge, and this uniformity will best be secured by 
the tinger, as the sense of touch—one of the most 
delicate in its indications, of the human body— 
will come to the aid of the draughtsman. When 
thoroughly and uniformly glued or gmumed, the 
edge is folded or placed back again, so that the 
glued surface lies on the bourd, ‘Lhe finger—. not the 
glued ono- should now be used to give dexterous 
strokes over nnd slong the surface and firm pressure 
to the edge, so that its contuet throughout with the 
hourd be secured, by all tho air-bubbles being 
thoroughly pressed out, Tho upper edge of the 
pauper is now secured, and all the other edges should 
he as rapidly sceured as possible in the same way, 
This rapidity —cousistent, however, with completeness 
or thoroughness of doing-—is essential, for it must be 
remembered that the process of “ streteling ” or “ con- 
traction” of the paper is begun at the moment it is 
pluced on the bonrd, and if all the edges or margins 
of the puper be not quickly secured, it is obvious that 
unequal and inperfect stretching wall be the result, for 
the margins nob secured will “ give” or yield, 

Some draughtsinen use glue in the solid sinte to 
tix down the margins of the paper, Tuking o longish 
and thickish piece, with w smooth edge—the longer 
it is uxed the smoother will the edge, of course, become 
—they cither wet the edge with their lips, or, if more 
fastidious, by dipping 1t in water, and rub it quickly 
and evenly over the surfuce of the margin, as it lies 
face upwards upon the blade of the T-square. Rubbing 
is continued tall suflicient of the glue is transferred to 
the paper, when the margin is folded back, and pressed 
by the finger closely to the surface of the board. No 
doubt this method, when well carried out, gives a good 
hold to the paper, but it is obviously one which takes 
longer time than the application of liquid gluco or 
gum, nnd we have seen that rapidity of gluing or 
fixing down is cssential. We have found in practice 
that the liquid form for the securing substance is 
equally efficacious, and if gum be used, much more 
cleanly and binding. All the margins or fold-over 
edges being now secured, the drawing board should 
be tilted—at an angle, to prevent its falling forward — 
up against the wall, with its paper side nearest this, 
until the sheet dries thoroughly. When this takes 
pluce, it will be found that the sheet is tightly 
stretched on the surface of the board, without a 
“crease” or “ buckle” or “bend” on its whole sur- 
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fuce—-that is, if the stretching hus been well dono. 
The drying should be done slowly, to which end, if 
there be a fire in the drawing office or room, tho 
board should be placed as far from the fire as possible. 
Some, in their eagerness to have the process finished, 
will purposely put the board near the fire, When 
they do so, they often find the truth of the proverb 
exemplitied, “the more haste the less speed.” For the 
strotching or contraction of the paper—for in truth 
it is a contraction, not a stretching, in the true sense 
of this latter term—goes on much more rapidly than 
the drying of the glued or gummed margins, which 
have to resist the strain of the contraction, and these 
will be found to give way in parts; and in go far as 
they do give way, all the benefits of the process ure 
lost, for the sheet will then present a most uneven 
surface. Let the young draughtsman, then, put the 
drawing board, when the process of “stretching” is 
completed, ax wo have deseribed it, as far from the fire 
as possible, and “in patience possess his soul.” And 
as there is no ental attribute more ealled upon in 
his offen complicnted and trying work than that of 
“patience,” without which and its sister virtue of per- 
severance he will never become an able draughtsninn, 
the sooner he begins to exercise the virtue of patience 
the better for himself and his prospects, Tet him, 
then, make this, the first of his netunl work as a 
draunghtsman, the first trial of his patient wuiting. 
Difficulties and Disappointments connected with the ‘‘ Stretch- 

ing '’ System of securing Paper to the Drawing Board. 

But with all the cure possible he will often find 
that in this process of “stretching” his paper his 
“Jabour has been Jost.” The contractile foree of the 
pauper us it gradually dries is very grou,—mueh 
greater, in fnet, than most young draughtsmen will 
be inclined to believe. We have seen paper stretched 
upon a ladly made, yet apparently, and in reality, 
comparatively strong bourd, put su¢h a strain upon 
the wool that it lias fairly bent round the board till 
iis puper side or surface was concave, But this con- 
tructile force, which the prper exervises ax it slowly 
dries, sometimes—and always too frequently and 
unnoyingly—brings nbout iv catastrophe which makes 
all the previous labour useless. For if there be a 
weak part of the puper—and this is often created by 
having some part too highly wetted—this part will 
under the great contractile strain of the drying paper 
give way; and the rupture is so complete and sudden 
that it will often announce itself to the ears of the dis- 
appointed and inexperienced draughtsman by a sharp 
crack or report like that of a smal] pistol, When 
this happens there is no remedy: the stretching of a 
new sheet must be gone through with, with what 
patience and graco the draughtsman can call up. 

First Lessons of the Draughtsman. 
On the supposition thut his work meets with a 
VOL, I, 
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bettor fate than this, and that he has a sheet well 
secured on his drawing bourd, cither by this, the 
stretching process, or by one of the other two methods 
described ina preceding paragraph, the draughtsman 
ig now ready to begin his work. To which end we 
presume alxo that he is supplied with the necessary 
Inslruments., We do not at this stage of our paper 
deem it neceasury to give either a list or an individual 
description of these, What brief deseription we shall 
give will be more in the way of showing how to use 
them than in that of explaining their peculiurity 
and construction. Nearly every one is familiar with 
the instruments, and if not, a few minutes’ inspection 
of those we name as essentin to the young draugelts- 
man will do more to show their peculiarities than 
pages 6f laboured deseription. What wo have to say 
on each, so far as their use is concerned, will be given 
at the points in our paper where we explain the 
different stages of the draughtsman’s work. 

His carliest ettorts in this will necessarily be of 
the simplest kind, und will at the start consist in 
the diwing of simple fines, What the varieties und 
peeulinaties of lines are, and what the problems con- 
nected with them, will be found in an early chapter of 
the series of papers under the name or title of “The 
Goometrical Draughtsman.” The draughtsman will 
find, as he here proceeds, that many of the problems 
given in this last-named paper will be done in a 
much more simple and ready way by the use of the 
drawing Jioard and the T-square, and the other ap- 
pliances to the use of which we shall forthwith direct 
his attention, 

Poncilling of Lines—Varieties of Pencilsea— How to Choose 

and Prepare them for Work. 

As ull dmwings, however simple, are put in in 
pencilled lines, the “ choice.” “ treatment,” and “ use ” 
of a good pencil is a matter of importance. Tine 
wis, and that at no distant period, when “ choice” 
was extremely limited,-- it) indeed lid but few points 
of variation between what may be called the normal 
extremes of very good and very Dad, or at least very 
poor, And, unfortunately for the impecunious or 
moneyless young draughtsman, the very good pencils 
were dear, while the very bad, though much cheaper, 
were dear at any price, so far as usefulness as oa 
pencil which could be pointed and usad to give a good 
clear line was concerned, For a good drawing penci] 
with w special brand, such as dH, or THO, or an 
F, or a B, one shilling wax then the regular price. 
And ag for the penny pencils of the period, the less 
said about them as pencils the better. Now all this 
ix changed, and pencils can be purchased at the price 
of ono penny under any of the brands or marks 
in regular use, which are positively of better quality 
than many of the shilling drawing pencils of thirty 
or forty yours ago. 

20) 
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THE FACTORY OR MILL HAND AS A 
TECHNICAL WORKER. 


THE ORGANIRATION, GENERAL DutIns, AND SPECIAL 
Work OF TUE STAFF OF Facroniges FoR THE PRopDUG- 
TTON OF SPUN AXD WOVEN GQoops--THAT 18 ‘“YaAun” 
AND “CLOTH '—AND THOSE CHIEFLY IN COTTON AND 
Wool.—GENERAL J)ESCRITTION OF THE VARIOUS IRo- 
CERBES OF MANUPACTURE, 


en 


CHAPTER ITI. 
Brief Glance at the Great District of our Textile Manu- 
factures continucd, - Ite Practical Suggestions. 

Ix the preceding chapter we gave under this head 
i. variety of notes, ending these with a description of 
Stockport. These notos we now continue, A vory fow 
wiles distant from this town we come to a district 
where cotton spinning and manufacturing is agnin 
the staple of industry for scores of thonsinds of hands, 
nnd where tall chimneys are the rule— Ashton-under- 
Lyne, Staleybridge, and the vicinity, 

The spinning aud manufacturing in the town of 
Ashtou-under- Tine ts of various kinds —4,e. from coarse 
counts of yarn to medium and even to the lower num- 
bers of fine varns, The manufacture of cloth is more 
varied in consequence, This town is not marked for 
its possession of considerable millwrights’ oy machinists’ 
works, though it has several small works of the kind 
necessary for general repairs, Passing on about 
aoanile further, we «rive at another busy town, 
Staleybridge, a very old place, with many very old 
milla, The class of work here is also varied --de, from 
course counts oF varn to what is termed fino yarns 
- ranging from 80° to 140" There are two or three 
unchine makers who make a variety of machines, and 
one or tio clisses of machinery which rank with any 
in the drade, 

We have now given a general statement of the 
various towns, and of the class of goods they make, 
and have also hinted at the machinery made in cach 
town - G¢@. such mnachinery as is required in producing 
cotton varn and cotton cloth. It would be out of 
plice at this early period to attempt to describe 
dhe various machines which sare used in cotton mils. 
Their description will be given as we proceed, begin- 
hing with the raw cotton and tracing it in each 
stage to the finished thread or yarn and cloth, where 
it will be rendy for the dyer, bleacher, or printer, 

Still, nunicrous as are the towns, large in their 
aggregate as are the nuwhers of their population, 
and vivid to some extent as is the idea this feature 
gives of what the cotion trade is, it requires more 
the distinct utternnecs of statistics to enable readers 
to arrive at on uccurate conception of tho import- 
ant part the colton trade plays in our general 
manufacturing industry. Numerous as are now 
the recorded fucts and figures which make up the 
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resources of our statistics of the trade, we need not 
go far back in our endeavour to know what these 
wore, for it is only of comparatively recent years that 
anything like a well devised system of muking what 
ire technically called “returns” of our textile or 
indeed of any of our manufactures was adopted and 
carried out. It may indeed be stuled with some degree 
of certainty that before the period of the introduction 
of the first “ Factory Act,” pussed in 1833, all we know 
as to the actual condition of the trade was but little 
better than any knowledge could be—if indeed this 
term can be truly here applied—which was founded 
upon very general inquiries, or what is worse, 
alt iough it was most frequently the case, upon mere 
conjeclure or guesswork, Even now tho official 
“returns” are not so full nor so complete as, and 
certainly they are not published with the frequency 
and the celerity which, their importance demands, 
Sill wo can obtain from them on the wholo a fairly 
neeurale view of what the condition of the cotton 
trade is. We may, perhaps, find spaco in a future 
paragraph to glance at some of the leading statistical 
fucts of the cotton and other textile trades, Mean- 
while we leave this, not usually very interesting 
reading, to take up the more useful and instructive 
matier of our paper, 

First Process or Operation through which the Cotton is 

passed on Arrival at the Factory or Mill—The Mizing. 

Waving in Chapter J. very briefly mentioned 
the process of “picking” or “ gathering” the cotton 
from the pods of the cotton tree, and the preparation 
for the * gin,” and the “ packing,” and named further 
the countries from which tho bulk of our supplies 
of cotton are derived, and their qualities, together 
with the minimum and maximum lengths of the 
fibres, wo now present the reader with a dexeription 
of the first movement which js made when the cotton 
reaches the warehouse at the mill. It is weighed 
as a latter of course, and in most mills the owner 
or his representative secs that each is “ snimpled” 
and the pumples of each bule compared with the 
sample which it was bought by; there being very often 
a slight difference In the fineness or courseness, or 4 
Variation in the length of the staple. Lf the cotton 
from any of the bales should bo much longer or finer 
than that from others, those superior qualities are 
kept on one side for a better class of work or goods, 
where two or more gmuities are made in the will, 
If the whole of the bales are laid without any 
sclection, which is very often done, the render will 
nee that the plan of mixing various qualities together 
cunnot be secured. But this mixture is very desirable, 
as it must insure a moro regular “ mixing,” and con- 
sequently a more uniform quility of yarn can be 
produced from it than by using one bale at a time, 
Most spinners when they bay cotton for one mixing 
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purchase one class, ze, all American, or all Egyptian, 
etc, 
Mixing of Different Qualities of Cotten Wool, 

The “mixing” being decided upon, the bales of 
cotton intended to be mixed are Juid down side by 
side near to the place where the mixing is to be made. 
In mixing, in order to insure regularity, a layer 1s 
tuken off No. ] bale and spread all over the mixing 
floor; another luyer is then taken from No. 2 bale, 
and is spread over the portion of No, ] which is spread 
on the floor, and xo the procoss is carried on until a 
portion of ench bale is used; then returning to the No. 1 
bale, another layer istaken, and spread out as before, and 
xo this alternate process is carried on until the whole 
bales ure mixed, Tn order to further mix the different 
luyers or parts of the bales, a very simple means 1x 
adopted whereby this is insured - by using a strong 
iron rake, the teeth of course being set upart much 
farther than that of a garden rmke (say about four 
mnchesx), ‘Phe person who is appointed to take the 
cotton from the mixing is expeeted to mke down 
the breast: of the Jayers, so as to make the mixing of 
the bales stillinore uniform throughout. This method 
of proceeding with cotton, and the mixing of it, before 
it is subject io any application of machinery, is the 
one most generally adopted in cotton mills, Thirty 
to forty yours of experience in the general work of 
factorics Warrants us in saying that it is the most 
effivient, course to adopt, in order to gain the best 
result in this the first operation of factory or mill 
work, We desire to impress on our readors (he 
importance of doing everything thoroughly in every 
department; for be it understood, if a mistake is 
made, whether in the first manipulation or in any 
other part of the process of spiuning or manufactur- 
ing, ij ennnot be fully rectified afterwards, however 
much time und cnre be applied to do it, The adage 
“prevention ix better than cure” should be our 
motto through life, whether 1 pertains to us indi. 
Vidually or collectively. It is neeessary to note, in 
reference to the title of this paragraph, that the term 
“wool” is oddly enough upplicd to cotton ; it is so, 
however, in order to distinguish the substance when 
in its original or fleecy or fibrous, from its manu- 
fuctured condition. Jn the latter case the term is 
cotton “cloth,” or simply “ calico.” | 
The Second Process through which Cotton is put in the Factory, 


—The Opening up of the Fibres or Lumps of Cotton from 
the Compressed Bale, . ‘The Willow.” 


The first operation above described gone through, 
there follows that of opening up the lumps or masses 
of cotton, so that the fibros rhall be as loose as 
possible. The machine used for this is called the 
“Willow” or “cotton opener.” This machine is, 
generally spenking, of a somewhat simple muke ; 
some are more complex. The one which is in use 
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very largely where » vory low cluss of cotton is used 
—aiy “Surat,” or any other kind of cotton of the like 
nature—-is termed an “Oldham Willow.” Some of our 
readers will at once see the necossity for the opera- 
tion of some machine by which the cotton can be 
changed from the matted condition which packing by 
hydraulic pressure, and with a little moisture added 
in every few luyers, gives it, Before describing the 
“opener,” it will be as well to glance at one reason at 
least for the immense pressure which is applied in the 
packing of cotton, Most goods which are evrried by 
water are charged by bulk, and therefore such bulky 
materials us cotton would cost « considerable sum in 
carriage if not pressed into as small w compass as 
possible. The cotton opening machine requires to be 
made strong in ull its parts, The colton coming from 
under such a pressure must of necessity be closely 
matted together, like any other material which has been 
placed under great fibrous pressure, The “ opener” 
“the Oldham Willow ’~-alluded to above ix mnde by 
most machinists. Hach machinist may make some 
little improvement in some department, but still the 
original principle of the machine is maintained, The 
machine in its outer form is almost square, but the 
working purl, where the cotton is operated upon, is 
e¥lindrical. A eylinder which carrics a series of what 
are called spikes, revolves rapidly within this part ; 
aud at the top of the machine there are fixed flat 
bars, which also carry apikes, somotimes enlled “ teeth.” 
The teeth, or spikes in the bars, are so arranged that 
the spikes in the cylinder pass between thoxe in the 
bars, and in this way the entangled or lumpy parte 
get separated, Ln addition to the cotton coming in 
contact with the spikes, and being then somewhat 
opened, it is further driven about with tho draught 
—w current of air produced by the very rapid 
rotation of the eylinder, Thus the cotton is driven 
uguinst a series of fixed Jars or grating, and this 
process ¢leaus or frees it to a considerable extent from 
seeds, shells, and sand, and it is thus changed from a 
lumpy condition to that of a light material. Being 
freed somewhat from sand, seeds, ete, it bus a much 
brighter appearance, and is also more suitable for the 
machine next in sequenee, called the “seutcher” or 
“Dlewer,” hereafter to be described. 
Cotton Opening by the ‘‘ Porcupine” Machine, 

Another cotton opening machine, which is used in 
sone districts largely, ax being more suitable for the 
various classes of cotton, ix called a “poreupine.” The 
cylinder in this cuse has no spikes or teeth which 
resomble those in the “Oldlaau Willow.” This machine 
is fed with cotton, on to what is called an “endless 
apron "—i.e. this apron being like an endless Jap, 
having rollers put into the inner part at each end, 
and those rollers being driven by other parts of the 
machine, causing it to travel along continually, The 
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cotton is thus carried forward to what are called fead- 
rollers, ‘These feed-rollers, running at a very slow 
speed, of course carry the cotton but slowly. One of 
the “ poreupine” eylinders—--most machines of this make 
gontain three or four “porcupine ” eylinders—hoing set 
close to the feed-rollers, and running at a considerable 
speed, 7.2. some hundreds of revolutions por minuto, 
and the cylinder having a considorable number of 
what may be termed “tooth,” set very much closer 
together and smaller thin the spikes of the “ Oldham 
Willow,” is intended to separate the matted, lumpy 
parts of cotton by taking it from the food-rollers 
in small portions; and as these small portions are 
taken round by the first “ porcupine ’oylinder, they ure 
delivered to the second, and so on until the whole of 
the cylinders have had their share in the opening-up 
process or dividing. The cotton as it leaves the porca- 
pine machine can be left either in u loose, open, downy 
condition, or may be made into a lap in the sume way 
as the lups are nade at n seuteher or any finishing 
“lap inachine,” hereafter to be described, The “poreu- 
pine” opening machine, when it was first introduced, 
was suid to be a machine which would quite supersede 
the “ Willow.” As time passes on new ideas present: 
themselves to the ingenious, and in time others nre 
brought out in tho place of those which ave and have 
been in use for along period. All new ideas are not 
necessarily, as some think, always advantageous, or In 
any degree in advance of thoso which ave and have 
been in use for many years, The principles of the 
cotton machines rarcly, if ever, change from their 
original plan; though different in form, they still 
maintain their original basis of operation. We believe 
that nll, or nearly all, muchines are improved, Iut 
still adhere to the original plin to a greut extent. 
This indeed is a remarkable feature of the mechanism 
of the cotton manufacture, the original inventors 
seoming to have hit exactly upon what the machine 
was required to do, and the poculiae mechanical 
movement or movements required in the doing of 
this. 
The Vertical Cotton Opener. 

The machine which we next refer to is one to-day 
largely in use, The working parts of those above 
alluded to are on the horizontal principle, but the one 
we are now about to advart to is in the working 
part “vertical.” This principle has its advantages 
over tle other arrangements we have previously 
noticed. Wherever power for turning is required, 
it is of importance that regurd to that should be had, 
as if is a continual exponse in fuel. Where, more- 
over, an increase of power is required, there is an 
incrense of friction, and an increase of friction means 
more wen and tear and more attention, more oil or 
other lubricating substance; hence the advantage of 
having machinory so calculated and arranged thut 
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expenses in working will become minimised, The 
opening machine now to be noticed is one of this 
class, it being vertical, and the foot of the spindle 
working in a step with a bearing at the top. It 
will at once be seen that, the spindle-foot being 
of so smull n surface, and the weight of it rosting 
on that foot, the friction must be much reduced, 
Our readers would do well to experiment on such 
simple mutters (wo allude to those who luve not 
had the opportunity from experience to prove it), and, 
simple as it may appenr, it will cnuse the studious 
revder to think out other matiors. Tl is well for the 
(echnical worker to note that all large questions aro 
composed of many small points. It offen happens 
that small things wre cast on one side as unworthy of 
notice, This reminds us of a young woman, 0 house- 
hold servant, whom the housekeeper was teaching to 
rend. Jn course of time she began to pass over little 
words, such as to, a, a, ¢/, ete, ete, and when her 
teuchor suid to her, “June, you have passed over 
so-und-so,” the answer was, “1 will not be bothered 
with such little insignificant words.” Wo know from 
observation und experience that the same principle is 
carried out too often in the everyday work of factories, 
many thinking wu little matter (even where pringiplo is 
concerned) to be unworthy of thought. To return: 
this method of cotton opening requires much less 
power than the horizontal beater shaft, consequently 
involves the use of less oi) und less power, while the 
“wear and tear” Is also consequently less, The above 
are not the only considerations conneeled with the 
machine, In all fibrous mutorinds if is of the greatest 
inportance to have machinery of the best mnke, so as 
to xecure the “slaple”—de, the fibres - from injury, 
te. from breakage. This vertical opener has this 
advantage: though an iron machine, like others in 
that respect, it is very unlike others in the method 
of opening the cotton, The cotton is conducted to 
the beater by two iron rollors (feed-rollers), This 
feoding arrangement constitutes really the ground of 
complaint with the ordinary beater ; for as the cotton 
is drawn through by the feed-rollers, it is held fast 
by them for a timo, while the beater is striking 
ugainst the cotton with « terrific foree, and with 
successive strokes at the rate of, say, 2,800 blows 
per minute (two arms in the beater), ‘he speed of 
the beater, as given, will afford sume idea of tho 
chance which ewh tuft of cotton has to be pun- 
ished, so to say, by this rapid process, Euch piece of 
cotton, sey the length of a man’s thumb-nuil, receives 
at least from a hundred to a hundred and fifty 
blows per minute, Although the feed-rollers are 
continually moving, the rate of motion is slow, and 
the beater having two arma, two strokes or blows 
ave given at each revolution of the beater to the 
cotton, which ig held fast between the feed. rollers, 
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THE CHEMISTRY AND TECIINICAL OPRBATIONS OF 118 
TRADE, 
CHAPTER V. 
QGonTInvING our description of the colour-box and 
furnighor given in last chapter, it is to be noted that 
the colour-box is fitted with screws, to allow the printer 
to losxen or increase the pressure of the furnisher against 
the engraved roller as required, In some cases a brush- 


furnishor, made of stout bristles in the shape of a roller, 
c aw 





Tic, 9, 
is used, but only when the colour hus 2 tendeney to 
clog or stick in the engraving. 

8. The Clearing Doctor (fig, 10, a be de frye 
There are severn) qualities of doctors, of whieh the 
ordinary steel doctors which are in general use are 
the best, and mostly applicable for all styles, in 
vases Where the steel would be ucted upon by an 
acid in the colour, copper or nickel-plate:l doctors are 
acdupted. 

The doctor is composed of a thin picco of steel, 
auticiently tempered that it may be eut by a good file, 
placed between two piccus of brass called doctor-shears, 
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fittel with tightening screws; after the doctor is 
packed perfectly xtraight in the frame, the tightening 
werows are scrowed up, securely holding the blade in 
its placo, firm and true. To the pieces of brusg or 
doctor-shenrs are fitted two levers, bent so as to come 
under the colour-box, on which are hung weights to 
originate the necessary prossure of the doctor against 
roller, There ig an arrangement of lever attached 
to the centre of the doctor, and connected with un 
eccentric fixed on the axis of the bowl, by which a 
stondy, gentle, vibratory movement is given to the 
dovtor, thus the more effectually removing the colour 
from the smooth parts of roller, and also preventing 
the ductor from wearing unevenly. On each end of 
the doctor-shenrs, and close to where the levers are 
fastened, is » small contre, which fits into small brass 
steps, fitted with serews to move them away or closer 
to the roller ax required. Those are called the doctor 
steps. The doctor is pressed against the roller at a 
tangent, It is tho object of this doctor to scrape off 
all the surplus colour on the roller, taking it off the 
plain parts and leaving colour in the engraved parts, 
which at once comes in contact with the cloth to be 
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printed. The printer's art consists chiefly in whetting 

and udjusting his doctors, as tho slightest roughness 

on the edge of the doctor will spoil the print, so that 

the doctor is one of the most important parts of the 
achine. 

9, The Lint Doctor is w similar one to the clearing 
doctor, but presses gently on to the roller a/ter the latter 
has printed the cloth, and therefore between cloth and 
colour-box, for the purpose of catching any dust or 
lint that may fall into the colour, cither from the 
roller itself derived in passing over the cloth, or from 
the cloth above. 

IIuving deseribed the main parts of a printing 
machine, we now take, as an example, ow machine, 
and describe it more fully. 

Description of a Twelve-colour Printing Machine, drawn in 
Plates XXII. and XXIII. 

We give in Plate XXL. the drawiug in elevation 
of a twelve-colour printing machine, and in Plate 
XXIII. the drving apparatus connected therewith. 
We procced first to deseribe such details of the machine 
ns ave shown in the diagram, nud then trace the work- 
ing of the same, It is well that wo should montion 
thal the machine we now dexeribe serves only asf 
type or example of the machines now imanntactured, ws 
mony dotnils—and important ones too—diflerin different 
makes of machine, Thus the apparatus for washing 
and drying the back-grey is gonerally dispensed with, 
thal operation being performod entirely separately 
from that of printing, The drying apparatus, again, 
las been greatly improved, and an entirely different 
method of drying the printed cloth hax been intro: 
duced in the latest makes of many-colour printing 
machines. Upon this subject we hope to treat more 
fully further on. The new process of drying is by 
means of hot air blast, and is a greatly superior inode 
to the older—the most delicate colours, ns well as the 
ordinary, being more gently, gradually and evenly 
dried without deterioration. In certain parts of the 
following description the two Plates XXTT. und 
XXIII, uro to be takon in connection. 

A, (Philo XXIT.,) fowndation of machine, 

8, the pit or stnken portion of floor, extending 
under from front to back of machine shout one foot in 
depth, to enablo the printer to reach the lower rollers, 
etc, and in which he places hix eolour tubs for re- 
plenishing the colour boxes. 

c, the framework, or ono of the two supporting cast- 
iron sides of the machine, which is firmly socured at 
the bottom part, c’c’, to the foundation by means 
of poworful bolts and nuts, 

D, D, the twelve ans of the framework, correspond- 
ing to and holding the twelve mandrils, N, N, and 
printing-rollers, 0, o, und their respective colour and 
lint doctors and colour-boxes and rollers, and fitted 
with mechanical arrangements for moving the printing- 
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rollers in any direction, and for adjusting the colour- 

boxes and doctors and their accessories, 

EE, rvof’ framework, for supporting the various 

rollers, shafts, ete. . 

FR, printing cylinder, or missive cast iron cylin- 
drical surface, revolvable on an axis carried in o 
movuble centre-picce, such that the cylinder may 
thereby be ruised or lowered to a certuin extent, 
aa, crown wheel, or large toothed or cogged wheel 
which drives or revolves all the twelve printing rollers, 
by fitting into the teeth of each of the small cog-wheels, 
one of which is attached to, or is in the same shaft or 
axle ns, the mandri/ of exch roller. The cog-wheel on 
ach roller is not shown in the drawing, 

nou, large cog driving-wheel, on engine shaft, for 

dviving the drawing appariutus, by menns of strap 1— 
in other words, for hauling or pulling or guiding the 
cloth, ete., to and from the machine, 

11, lurge toothed or eagged driving-wheel, on same 
shaft as crown wheel, for conveying power to the latter 
from 

aug, small coy drivlug-wheel, which is driven from 

KK, large wheel on support &, attached to sido of 
wheel 73, and driven from crank of engine-shaft, 

It ix thus xecn how the power is conveyed from the 
ongine-—- the machine baving a small engine for driving 
it nlone—to the mandrils und printing rollers, the 
cylinder being revolved or carried round by the pressure 
of the printing rollers, 

NN, the érow mandrile oy axes or axles of copper 
printing rollers. 

00, the twelve copper printing engraved rollere, 

PP, gorcus for adjusting copper rollers, 

Q, wooden roller for blunket, 

n, $,8/ and ¢, stuall rollers for supporting and guiding 
the bach-grey. 

t, pulleys, wll on the sume shaft, for four straps, two 
being on each side of machine, 

u, two rollers for receiving printed eloth und folding 
it (termed “ plaiting”) by means of two other smull 
wooden rollers, v, which are “slung” ina frame which 
swings backwards and forwards by meuns of un eceen- 
tric uttached to one of Lhe two arms of the frame— 
thus,throwing the web of cloth into folds as it falls-- ns 
shown at W, which is a pile of printed nnd dried calico. 

a and b are small wooden rollers supporting cloth 
coming from drying apparatus towards rollers vu. 

c, the roll of washed und dried back-grey cloth— 
being wound upon an iron axle in an open slot, so that 
as the roll increases in size the axle rises, 

d, pulley for strap and roller on which rests and 
revolves the roll of grey cloth. 

ée, yuude-roller, mentioned above, for back-grey, 

J, rollera inside water cistern for running back-grey. 

g, xpparatus for squeezing back-grey as it loaves 
washing cistern, 
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hh, drying apparatus for printed calico, which 
consists of @ series of steam chests, close to which the 
cloth passes. 

it, drying apparatus for washed back-grey, 

jj, apparatus for washing back-grey, 

It is evident tha cur drawing, being a rection, gives 
only one view of the machine, and hence nuany details 
of it and its working are not shown, Those, how- 
ever, it is hoped, are sufficiently explained in the 
text elsewhere, and hy aid of other dingrams, so that 
as correct a knowledge of the machine muy be obtained 
by the carefuleroader us is possible to obtain without 
practienl experience, The reader is now invited to 
examine the disposition of the arrows in the drawing, 
showing the directions in which the cloth, ete, travels 
when the machine is doing its work, The evlinder, in 
the first place, is covered, except, as will be readily seon, 

asiuall portion directly above centre,--with an endless 
web of Alandet, which rans from roller a, guided by x, 
into (he machine—Ae, between the iron eylinder aud 
the next wel, which is the bach-grey. "This is on the top 
of the blanket, and passes with it in at x round evlin- 
der and out at x7, and passes on tothe washing cylinder. 
It posses, after washing, Ghrough drying apparatus, 
and then towards roller e, where it collects into a roll 
roudy for using uguin asa back. grey, or for utilising by 
printing upon it. The waprinted vr white calien comes 
from a large tightly wound roll of it on an axle sup 
ported on » framing uot shown in the drawing. Che 
axle lies in two movable slots, and is weighted down 
with sufficiont pressure that the cloth wurolls tightly 
and evenly—it being kept tight stretched ane smooth 
by passing between several strotching-hars, as it enters 
the muchine, which it doos at x on the top of the 
buck-grey, and thus between the yrey and the printing 
rollers, A boy (tho “Iick-tenter”), stands beneath x 
watching the cloth ontering Gheamuchine, and with the 
fingers keeping it in the centre and correcting any 
“serimp, or folding of the cloth. The cloth then 
passes round the c¢ylinder, and so between it and all 
the twelve printing rollers and their charge of colour, 
and receives the impression from each roller as it. pro- 
coeds round the cylinder, until on reuchin gx’ it has the 
full twelve-coloured pattern, Tt then passes onward, as 
indicated by the arrows, and is dried by passing close 
to, but not in actual contact with, the steam chests, the 
back or unprinted side of cloth being that next the 
surface of chest. Being now dry, the printed calico 
pusses oul by rollers b und a, between the rollers at v, 
and is folded at w ready to be conveyed away to 
undergo the next process, which ix generally that of 
steaming or ageing. 
How to Work the Printing Machine. 

Having now described the main parts of the modern 
printing machine, it still remains for us to point out 
In our next chapter briefly how it works. 
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OUTLINES OF THE PRINCIPLES AND PRAOTICE OF HIA 
ART, 





CHAPTER II, 

Explanation of certain Points in connecticn with the Floating 
of Bodies.--The Ceutre of Buoyancy---Why a Body Floats, 
Tne reason why one boly floats in or upon the water, 
and another sinks into and down through it, depends 
wholly upon the relation which the weight of the body 
has to & certain bulk of the water; aud us this relu- 
tion hus of necessity an intimate connection with 
flouting bodies, before the point connected with these 
bodies mimed in the title to this paragraph ean be 
understood, it will he necessary here briefly to allude 
to that principle in livdrostaties or hydraulies which 
reeulates the flotution of bodies in water, In unatter 
which is perfectly fluid, the particles or molecules- the 
former of those two terms is that applied in practice 
1o fluids, the latter to solids—are so mobile, that how- 
ever near to enel other they may be, they move nbout 
amongst exch other in all directions freely, and with 
such facility that they give way or yield to the smallest 
presstire to which they diay be subjected, causing them 
to change their position relatively to one another 
The two §nids with which the mechanic has chiefly, 
almost wholly, to deal, ure air and water; and the 


erent difference between them lies iu his: that while 
ir and all gases nre dn one scuse cusily compressed or 
squeezed, 20 to my, together, xo that they ean be mace 
to aceupy a space or bulk very much less Cun their 
normal volume— water is practically so incompressible 
that inal amechanioud investigations the compression 
in disregurded altogether, und it is taken to De abse- 
Tn tho papers treuing on 
the principles of mmeehanies already alluded to, the 
youder will find if explained how a pressure necting 
upon a solid body is exerted in one direetion only, 
or acts only at one point or part of the body, or in 


lutely nowcompresrible, 


single lines of direction only. But it is the special 


characteristic of a liquid that it gives equality of pres- 
sure in all directions; so that if the surface of a body of 
water bo subjected to a pressure or force on any part of 


that surface, that pressure or force will be trausmitted 
(o avery purticle of the water and in all directions, 
Vhis preperty of a liquid, such as water, and which 
is formulated in the phraso “pressure equal in all 
directions.” is one which carries with it the most prac- 
tical considerntion to the engineer und iuechunic, as it 
influences a vory wide range of their work, Lf, then, 
any part of the surface of a body of water be pressed 
upon by a force equal sty to one ton, this force will be 
*ransmitted through the purticles of water constituting 
the whole body, and will act equally on all parts of the 
vessel which contains it; and if this was closed at top, 
the upper part weuld be submitted to the sume pres- 


sure, or Le resisting it with a force equal to one ton, 
This equality of pressure on all the surfaces of a vessel 
containing water, and on part of the surface on which 
& pressure is exerted, is familiarly, yet clearly illue- 
trated by the domestic appliance known as a water 
bag or bottle used in caves of sickness, This is made 
of india-rubber, and from itx elusticity admits of the 
mobility of the particles of the water with which it is 
nearly filled showing itself very obviously. For if 
the bag or bottle, while lying on a flat surface, as that 
ofa table, be pressed upon at one part by the fingers 
cr the hund, the upper surface of one part of the bag 
willbe seen to curve upwards, while the egd will eurve 
or bulge outwards ; and if the big be moved ulong the 
surface (ill part of it projects beyond the table, part of 
the surface of the bag will be seen to bulge downwards 
- this showing that the pressure istrumnitted in all 
directions, And that it was equal in all those, could 
be eusily enough shown by using a given weight to 
give the pressure, in place of the muscular force of the 
wrist and hand.’ 
Certain Points connected with the term ‘Centre of Buoyancy ” 
(rontinucd).—The Floating or Flotation of Bodies, 
When a body is placed in water and eft free, it 
has a tendency through gravity lo drop or sink 
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downwards to the bottom, and Chis in: proportion ta 
its own weight. Bub as, in aecordauce with the 
principle or truth in physics known as © inpene- 
triubility,” no wo bodies ea esist in the sate space 
at the sume time —when the body finds a place in 
the water it can only tind it by dislodging, or, as the 
technical tern hus it, “displacing ” some of the water, 
in order to make room, so to say, for itself. Tf wo 
suppose that the body wax placed upon the top of an 
elastie substance, such ag wool contained ina ves-el 
ot box, the body could only tind a pluce amongst or 
upon the wool by compressing it, or squeezing so much 
of it together as to give it a place. and the mimount 
of compression would be that due to the weight of 
the body. But water, ax woe have scon, is practically 
incompressible, so that a uumber of particles which 
would go to make up a bulk of the sume kind or 
amount as that of the body must he displaced before 
the body cnn find n place, so to say, in the general 
body of water, Thus, let a 6 ¢ d, in tig, 1, be o 
vessel which contains water—it muy represent the 
cross section of a ecnnal Jock-—nnd so full that its 
level ix exactly on # level with the upper edge, as 
ad. Letefy h be w floating body placed or plunged 
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into the water, the top line or surface of which is 
coincident with the line @ d of water in the vessel 
abed, Now, as “room must be made for it,” to 
put the point in familiar Iunguage, in virtue of 
the principle of impenetrability above named, it is 
obvious that just os much water and no more will 
be displaced from the generul body as will be pre- 
cixely equivalent to the bulk of the body efg 4. 
But as the vessel is quite full up to the very edge 
ad, and as yoom must in turn Le mnde for the bulk of 
water dixplaced, this of necessity flows over the edgo. 
lf the holy ef gh be now taken out of the vessel 
abed, in proportion as the body is lifted up so will 
the water in contact with it be forced back to fill up 
Whit was the voil— the prossure of the water being 
equal in all dircetions~-till the point where the body 
is wholly lifted out, when the water which was 
around the body is foreed into, or lows back into, the 
space which tho body oceupied. But while the water 
in the vessel assumes the level, that level is no 
longer nt the line ad, but is at a point, suy, repre- 
xonted by the dotted line ij, which is just so much 
lower 1s the bulk or voluine of water now present in 
the vessel is less than when il was filled up to the level 
of the edge a d, und this volume is precisely the same 
ax the bulk or volume of the body efyh. To provo 
this we can suppose that when the body was first 
plunged into the water in « b ¢ d, in place of allowing 
the volume displaced or dislodged by it to run usclossly 
away and be lost, it had been caught up and retained 
by another vessel, as m 2, in which a b ¢ d was placed; 
if the whole of this be now collected and put back 
ngain into the vessela b¢ d, of which the lessened 
amount or volume gives the level or height at 77, the 
vessel will be again filled, and the level will rise to 
the original level ad. We here presume that care 
has been tukon to collect and return the whole of the 
water which was “displaced” by the body e fy h, 
and, as the vessel was quite full, was of necessity 
“ dislodged ” from it. The student will now see how 
any body which is placed in or plunged into water 
displaces 1 volume of water precisely equal to ita own 
bulk, and if there be room in the vessel holding the 
water the level of the water will rise just in pro- 
portion to the bulk of the body, or if the vessel be 
full, as much will be dislodged from the vessel and 
flow away from it as equals that bulk. 
Displacement of Water by Bodies floating in it. 

All the considerations connected with the point 
above explained are quite independent of the fact 
whether the body remnina or is suspended, so to say, 
in the position as in fig, 1, or whether it sinks lower 
towards the bottom, or rises up or “ floats higher” 
in the water. But if the point be further pursued, 
the young reader may see the reason why one body 
sinks in water till it reaches the bottom, or sinks s0 


THE BOAT AND SHIP BUILDER. 


far that it is submerged or covered with a certain 
depth of water above it; while another body does not 
sink, but is supported, to use the popular phrase, by 
the water, and “floats” upon tho surface, or more 
correctly, sinks so far into the water that part of the 
depth of the body is submerged below the surface or 
general lovel of the water, Previous to the body e/g A, 
tig. 1, being placed in the water, the volume of water 
it was about to displace, and which volume is obvi- 

ously represented by the same bulk namely, ¢ fy h— 

must also, and obviously, have been supported or held 

up by the presence of the water ucling upwards in the 

direction of the arrow 4 on the line fy, which woe evn 

suppose to be the base or bottom of the hulk or volume 

of water efyh. This the young reader will see must 

be so if he remembers what has been said of pressure 

neting equnlly in all directions in a body of water, 

And still coneciving » volume or bulk of water, us 

efgh,to be us it were distinet from the general imass, 

it will be pressed equully in the direction of the right- 
hand arrow on the side g f, ns it is pressed in tho 
direction of the left-hand arrow on the sido /¢, aud as 
iL ix pressed upwards in that of the arrow 4, and being 
thus pressed equally on all sides, the volume rests 
quiescent in the position as ate / yh. Now, keeping 
in mind the fact of the upward pressure acting on fy 
in the direction of the arrow & as holding, forcing or 
pressing up the bulk or volumo of water represented 
by efyh,—if the student will now conceive this bulk 
to be taken up and occupied by a flonting body of the 
same bulk or volume e/g fh, it is obvious that ds 
lower side, as fy, und its right and left ond-sides «/; y 1, 
will be acted upon by the water in the direction of 
the arrow /: und those newr the sides, ¢ and j, just 
us in the case cited above, where we supposed the bulk 
efyhto be water. The point here stated is one of 
such importance in all questions conneeted with the 
sclonce Of hydrostatics as affecting bodios or vessels 
placed in and floating on water, that it will be well 
sti] further to go into its considerution, Take any 
body or mass of water enclosed, whether it be by the 
banka of a river, the walls of a dock, or the sides of 
acanal Jock, in the large, or in a vessel of uo great 
dimensions in the small scale, Tuet us conecive of this 
body or mass of water a8 being made up of u series of 
hexagonal columns, which from their sectional outline 
or form will lie closely together without any inter- 
vening space, the enclosing sides being finished with 
half-hexagons and the voids filled so as to form the 
whole surface of hexayons. The height of these 
hexagonal columns is eqnal to the depth of the mass 
of water or its height from buse to level line ut top 
of enclosing space. If we concoive of those columns 
being infinitely small in section, all of the same height 
and all vertical, the surface of the water will be level 
and quiescent—that is, when not subjected to any 
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exterior force, as that of wind, tending to disturb 
that level and raise one part above the surface of 
another put. And being thus perfectly quiescent in 
the conditions above uamed, the colunins as a whole 
must be in a balanced condition, or, to use the tech- 
nical expression, im equiibrio, Tf we further conceive 
every one of the hexagonal columns to be cut across 
at cortain definite intervals of its height, we have 
n series, 8O to say, of dises of definite thickness, 
the whole height of the column being made up of a 
series Of those dises, oach one resting upon another, 
the last one at the foot of the column resting upon 
the bottom of the dock, canal lovk, or river bed, or 
base of containing vessel, and exerting thereon a 
certain pressure, It ix obvious that the amount of 
this pressure is determined by the number of the 
dises—that is, by the height of the column, We only 
mitke this remark in pussing, as it refers to another 
brunch of hydraulic engineering > we have at present 
to concern ourselves with the relation which one dise 
his to another in the same columns, and that which 
this benrs to the other columns surrounding it. If 
we suppose the column to be represented by the arrow 
i, in fig, 1 (ante), a dise at muy point in its height 
between the bottom and the top—as, suy, at a point 
coincident with the line ¢yj—possesting as it dous a 
certain weight of water, has aw tendency, if not sup- 
ported, to drop or fall down vertienlly in the direction 
of the arrow 2 But the disc cannot drop, beoause it 
is supported by «a dise immediutely below it; and this 
lower dise-. us indeed and of necessity the upper disc 
in our supposed case—is kept pressed or pressing up in 
ity effort, so to express it, tu exeupe from the pressures 
which are being exerted on all sides of it, as in the 
direction of the horizontal arrows ¢ and J, fig. 1, and 
the vertical arrow k. The same holds true of any 
other column; and all being under precisely the sume 
conditions, the result is that the whole remain in u 
stato of balance or equilibrium—thiat is, supposing 
that no exterior disturbing forse is exerted on the 
miss of them, 
Displacement of Water by Bodies floating in it 
(continued), 

And by enlarging our concoption of the size or section 
of the hexagonal columns, we may wrrive at the idea of 
one of them so lnrge as to weigh, say, one pound. 
Now, in this case itis evident that the bulk of the dix¢ 
would be, could be, no other in weight than one pound. 
And giving to this bulk tho technical name used in 
relation to this part of the scieneo of hydrostuties— 
numely, “volume”—we should have the dise of a 
volume equal to the weight of a pound of water; nnd 
the pressure of the dise immediately under it—thuat is, 
the dise having also a weight and a volume equal to 
the weight of one pound—would press upwards with the 
weight of, or the pressure corresponding to, a pound. 
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And if we conceive the place of the dise of water to 
be oecupied by u dise of wood, the voliune or bulk 
of the wood would be exactly the sume as that of the 
dise of water it “displiced.” And the conditions as 
to pressure would he precisely the sume, Tn this case 
we should say that the dise of wood which took the 
plice of—or, to use the technical term, displaced - the 
dise of water represented a volume equal to its weight, 
or vice versd. Nov would the condition be altered if 
Wo suppose that the diss, sny of an inch in thickness 
or height, considered in relation to the vertieal column 
of which it formed i part, was composed of two 
materials, half anineh being of wood and half of cork: 
although the one half might be twice us heavy as the 
other, the bulk or volume would still be the same as 
that of the dise of water which it displaced, and thus 
the conditions would be as before: the volume or 
bulk in all these cases being the dominant considern- 
tion, and this regulating the weight, and therefore 
the pressure, of water which this volume repre- 
sented, 

Further Considerations connected with the Displacement of 

Water by Bodies floating in it. 

Bearing in mind what dias been suid as to pressure 
of water being equal in all directions, and in) relation 
to the case represented by fig. 1 (eee), the fact that 
the upward pressure acts on fog in the direction 
of the arrow &, holding, toreing, or pressing up and 
supporting the bulk or volume of deater, which nay 
be considered as sender up of a mumber of the dises 
referred to in the last two paragraphs, represented by 
ef gy hymif the reader will now conceive this hulk to 
be taken up and occupied by another lody of a 
different charnetor, say u solid, which flonts at the 
kane level, he will seo that the same pressure as 
represented by the upward-pointing arrow fA: forces, 
holds up, or presses upon the solid body aud prevents 
it from sinking. We have seen that the bulk of 
water displaced by this body is equal to its own bulk, 
Now, the force represented by the vertical amow 4, 
holding up the solid body, is equcal—ns it is also oppo. 
wite—to the weight of the volume of displaced water. 
Thus, if the volume of water displaced from the vessel 
w@bed in fig. 1, and caught up by and retained in 
the vessel a 2, be taken und weighed, and then the 
solid body e fy h which, be it rememberod, floats in 
the position e fy h—he tuken and also weighed, the 
weight of the one will be found exactly equal to the 
other—that is, on the supposition that al/ the water 
displaced from «bed be tuken from the vessel & Z. 
Tt the weight of the displaced water be less than 
that of the body, the difference shows the weight or 
quantity of water Jost, or such as may be supposed to 
be lost, by some of the displaced water udhering to 
the sides or surfaces of the vessels. Bearing this truth 
in mind, which we havo italicised above, we now see 
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how itaflcets the question of a body either sinking 


down into und through the water, or’ tlonting — near 
its surface, ‘The upward presse ropresented by the 
up poluting verGenl arrow Ain fig. [ois always equal 
to the weight of the volume or water displaced by 
the holy, and while the bulk of the body, ae fy hy 
routing constant, the pressure upwards, represented 
by the arrow 4, will also be coustant, for that pressto 
ix equal to the weight of the volume of water dis- 
placed, and that volume js the same as is regulated 
by the bulk of the body which displaces it, 
Relation of the Weight of Floating Bodies to the Volume of 
Water they displace.—The Burden or Tontage of Bhips, 
We have just explained, hy means of the illustra. 
tion in fig, J, that the weight of water displaced by a 
body floating in it must always be equal to the weight 
of that body, and that the pressure of the water acting 
upwards, as in the direction of the arrow A, fig. 1, 
must be equal to the weight of the water displaced 
by the floating body: it follows also, as a mutter of 
course, that if that body be weighted-—that is, be made 
to carry a sinall Jond—an amount of water will be dis- 
pliwed equal to the «motnt of fond extra, or in addition 
bo thet whieh in its original condition it displaced, 
Thus, suppose the vessel «ded, tig. 1, be tiled with 
water quite up to the level of top ad. Now immerse 
gently the body e7'y 4, which suppose to be w block 
of wood of such gravity that it flonts as shown, As 
the body or block gets immersed and floats, the water 
runs over the edge, ad, of the vessel a bed, and is 
quught up sad retained by the vessel wa, in which it 
stiunds, We have shown that the weight of the water 
dixplacad from a foe¢d and caught up in aq is, 
nllowing for waste water adhering to the surfaces of 
the two vessels, precisely the same as the weight of 
the bodyve faé. After weighing the body replace it 
in the water ina bed, and it will flout in the sume 
position as before, with tho water line nt ad, Place 
some slat) weights on the top, «A, of the llock efy A, 
and the water will flow over the edge, displaced by 
the greater weight, aul de caught up by the vessel 
mom  Presuming that the water at first displaced by 
the simple block ¢ fy A, nud whish was taken ont of 
the vessel ae aand weighed, has bee retained in the 
vessel in which it} was weighed, and which is lInvge 
enouweh to contain more than this - weigh now the 
second portion of water cnught up in m %, and 
then pour it into the large vessel. Tt will be found 
that the united weight of the two portions of dis- 
placed water will be precisely equal to the block af yh 
with its lond of smal] weights, if the two be taken 
out and weighed. JTere we have a condition of 
matters in which we can on the one hand aileulate 
the exact weight of the ody e fg i with its load, by 
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weighing the water whieh tO displaces. ar we en, 
eonveriently tell oor euleutite: the Weisht of Watley 
displaced: twin vive (loading body if we know (he 
weight of that body, The relation ob the tacts: we 

have now stited to the department of meehunies 

known as “specilie gravity’ by whieh) the dillepone 
weights or densities of differing bodies ov sulistanens 
are ascertained dn Yelation to a certain standard, will 
be found in its proper place fully explained in the 
series of papers in this Journal entitled “The 
Technical Student's Introduction to the Principles of 
Mechanics.” What we have now to concern ourselyag 
with ia their relation to the technical points connected 
with floating bodies, as bouts and ships, Our young 
readers inust have frequently come across the ex. 
pression “ship's burden” (often spelt “ burthen”), or 
tonnage of ships, a term indicating that they can 
wrry safely goods or weights of so many tons in 
wmount, The relation of the illustration just given 
tu this subject will now appear obvious, For, as we 
now know every addition to the load of a floating 
holy adds to the displicement of water, and to the 
weight of this, we liave a means of ascertaining what 
woyiven ship will carry, for everything on“ board 
ofiher,” to use the technical nautical phrase, as it 
possesses Weight, displaces a definite and equal weight 
of water, And we have therefore only to calculate 
the displacement duc to her immersion, or floating 
line, and express this in cubic feet, and multiply 
the number of feeb by the weizht of a cubie foot of 

witer, 10 find the total dixplicement---which of course 

gives the equivalent for the weight of the vessel and 

its load, 1b is a comparatively easy thing to culeulite 

the displacement of a flouting body or vessel of regulou 

oubline, such as that ate fy fh, the leugth and depth 

of which are at /y, and ¢ for dy, aud the breadth of 

which is kuown; for obviously the volume of water 

displaced is just that occupied by this solid parullelo- 

pipedon or rectangular prism, the cubic contents or 
bulk of which it: isa very eusy matter to compute. The 
case is different with a boat or ship, the “lines” of 
which, as even the youngest of our readers know, 
vary very much, and give to the solid body a very 
complicated forin to estimate the enbie contents of, 
Novertheless, although this is not practically done with 
definite precision, npproximative auenlations ure made 
with such © near approach to the actual displicement 
that this approximation can be relied upon for ull 
practicnl purposes, The subject is here only opened 
up, or rather incidentally referred to, as a practical 
illustration of the facts we have stated as to the 
displacement of water by floating bodies; but we 
have yet much to give concerning it at a future and 
appropriate part of our series of papers. 
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Tre DIPPORENT CLASSES OF JONGINES UsiD GULEELY FOR 
VMANUPAGTURING AND AGRIGULPUBAL PURPOSES. <TD 
LEADING DETAILS OF STEAM EXGINES~ CONSTRUCTIVE 
AND OPERATIVE. Tint PRACTICAL Working AND 
KCONOMIGAL MAN AGUMIEST. 


CHAPTER I, 

Introductory.—-The Steam Engine universally employed as a 
Prime Mover, 
Tus is not the place, nor does it enter into the 
scheme of the present series of papers, to give previse 
and more lengthy or exhaustive details us to the 
history of the steam engine. Theso find a more 
fitting place in the pages of special treatises, which 
can consistently give the spice which is necessary to 
do fair justice to the important, at least mechani- 
cally interesting, points connected with the rise and 
progress of this great invention, which has quite 
revolutionised the conditions of the community, so far 
asthe giving of a new power competent to perform 
vast labours in fields as wide as they are diverse in 
character, and in locomotion of lund and sea, is eon- 
cerned, Neither does itefall within our provinee here 
to refer in general terms to, or in special instances to 
quote from, the elegant and eloquent eulogies which 
have Leen given from time to tine on the stem 
engine and what it has done for inan, Asin the ease 
of our national architect those who wish to see his 
monument are invited to look around at the general 
magnificence of St. Pauls Cathedral, which owes its 
existence to his daring genius, so in the case of the 
steam engine we have but to look around to see oxime. 
ples of its endless and varied forms, and of the work 
it has done for us existing everywhere nud always. 
But extensively as it is used wherever power is to be 
erented for the doing of any definite work, it was for 
long confined chicily to doing the work of ouv factories 
and workshops, to propelling the steamboat or to drag- 
ving the ruilway train. But later years have witnessed 
its introduction into quiet rural districts which at 
one time reemed to be quite free from any chance of 
its invading their great tields, And taken up by the 
farmer, we seo that he applies it in substitution for 
the animal power on which wo were long dependent ; 
and by its aid not’ merely threshes out his corn or 
grain for market, cuts the hay aud straw, slices the 
Laurnips, and crushes the grain or the oileuko he 
requires for his live stock ; but goes out with if into 
his fields, and with it ploughs his land for crops, 
which before long he hopes to cut, and reap by its 
means. 


New Views as to the Likelihood of the Steam Engine being 
speedily superseded by other and better forms of Prime 
Movers, 


But universally as it used, and firm a hold as it has 
taken on the minds of men as the best, most untiring 


aud ¢zonomical motive power, it, is worthy of specinl 
note here, as one of the signs of incessant mechanical 
activity which mark the times we live in, that some 
—unilof these afew high as engineering authorities 
have pronounced the stem engine to be wasteful 
In working, and in view of awwore economical motors 
have in facet pronounced sentence of death upon it— 
w sentenco which they think is to be so speedily 
exceuted, that before long the steum engine in its 
present form will be a thing of the pust, and its 
place taken by a motor or by motors simple in con- 
struction, infinitely more easy in management, and 
vastly more economical in operation, If this view 
be correct, it would seem as if the purpose our papers 
ure designed to secure would have but a limited 
period in which it could be of practicul serviee—that 
the space they take up would be better oeeupied by 
expluining the characteristics ‘and holding up the 
working of those motors which are designed to take 
the place of the present steam engine. But although 
this will be done, inasmuch as it is necessiury for the 
win and objects of our Journal to do it, the reader 
may rest assured that, in spite of the sunguinu vatici- 
nations of some of our engineers, it is not the present 
generiution, and if the sigus be read aright whieb 
are open to us, possibly not the next, or even the 
generation succeeding that, which will see the steam 
engine so universally superseded as to make w paper 
of this kind no longer a necessity, 


The Likelihood, almost Certainty, that the Steam Engino will, 
for a long time to come, be the generally employed Prime 
Mover.—Tho Electric Engine as its Rival and Supplanter, 


In view, indeed, of the characteristic foatures 
which per se the steam engine in its accepted forms 
possesses, the singularly happy relation it occupies as 
to uur coal supplies-- obtaimable at every hand, and 
at wonderfully cheap rates the compuritive sim- 
plicity of its parts, the ense with which, even it 
ignorant hands, 1+ can be worked and controlled, the 
truth would rather seem to be that the steam ongine 
in place of being superseded wholly by other kinds o! 
prime motors, as the gas ongine, which ut) presen’ 
seems to be the rival of its future, will remain for 
many years possibly many generations ~in its presen’ 
position of the prime mover for all our Industria. 
processes, This does not preclude, but rather pre- 
supposes that improvements in the engine—to sy 
nothing at present of the boiler -will be made, and 0° 
a character ceniculated to make i more eflicient, anc 
certainly more economical in its working, than it is now, 
This improvement indeed follows alinost as a mater 
of business necessity. For the faults which are founc 
with it, and the charges made nguinst it by those 
who have taken up the position that it is ulroudy 
doomed to become speedily extinct, will act us the 
most powerful incentives to those who still believe 


aid 


that it is the best prime mover we can, under all 
our nattaal and Joeal eiremmstances, possess, to do all 
in their power to make i still move eflieient, and thus 
to justify their good opinion of it. 
Assuredly there are but few signs, if indeed there 
be a single one, around ws which would indicate lu 
any mnarked and speeinl way Chat the steam engine ts 
dvomed to anything like a speedy extinetion, or even 
that it will be to any appreciable extent superseded 
by some other form of prime mover, such as the gas 
engine. This by no means lessens the value of such 
prime movers as may be said tu be new cliimants 
for the patronage of those who require motive power 
for one or other of the extensive range of purposes in 
which mechanical work is to be done, Tn the proper 
place we shall not be slow to point out or acknowledze 
the advantages which such new prime movers as the 
gas cugine possess; meanwhile, concerned as we are 
here with the great machine which at present far 
outnunibers them, we are simply taking what appears 
to be but a common-sense view of the position of 
affairs in regard to the relation which subsists between 
the sicnm engine as a prime mover, and the natural 
und local circumstances which make it so admirably 
suited to tuke the best, the quickest, and, upon 
the whole, the most economical advantage of these. 
In the history of mechanical or physical science, it 
it ix not dificult to find examples of what may be 
called “scares,"—to use a pliruse so largely used now- 
adays ax to make its meaning as applied here well 
understood, Every now and then machines or pro- 
cosses Which are well, and some of which hive been for 
u long time established, are threatened with quick 
wand complete extinction by some new machine or 
process, which is said to be so good as to preclude al] 
hope that anything will ever be found which enn be 
better, In these sunguine views which the supporters 
of those new things hold, they quite ignore the fact 
that they are certain to possess the same character of 
imperfection which belongs to all the works of man; 
and whieh imperfection they so loudly enll attention 
to In the machines or processes which their new things 
are, as they say, so thoroughly competent to supersede. 
We have had of Jate some rather striking examples 
of this tendency, in the inventors and discoverers or 
promoters of uew machines and processos. Some 
short time ago we were told pretty confidently that 
the days of gas lighting were numbered, and that gas 
works, with all their costly and comphented apparatus 
and appliances, would conse to exist. The new process 
of elcetric lighting was to do all this and more, if some 
of its enthusiastic supporters were to be credited, 
Shureholders in gas companies who had overlooked all 
that the experience of humanity had taught them 
rushed off to sell their “stock,” and in many cuses 
to re-invest in those companies which sprang up, 
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mushroom like, to promote the introduction of the 
new Tight, Sach would have dnade greater speed had 
they taken more leisure to consider in what direction 
they were so enirer tu RO. Thane Whi tools Nodapre 
common-sense, ad it may osifely be said a more 
seientifie view of the position at the time and. the 
possibilities of the future of the old Hult and the new, 
concluded that the probabilities were not. Very creat, 
to say the most, that the mew would: speedily und se 
campletely: supplant the old, as te mike the vast 
works connected with the old tieht obs ete aud 
useless, Auda situa sere, so still te eall it, arose 
at the sume time, and through the same euuse, in the 
matter of the staan engine, which was very quickly, 
according tu not a few, and most completely, to he» put 
out of court" as useless, by the newerand more brilliant 
power of electricity. The electric engine, accord. 
ing to such authorities, was to be everywhere, the 
steam engine nowhere, Jt mattered little to some-- 
though with other and clearer minds the point told 
with effect --to have their attention drawn to the 
fact that, in view of all the wonders which electricity 
was to perform inthe way of giving a motive power 
toman, it Was, to put the matter very mildly, some- 
What strange that before it could give us the “ electric 
light,” which also was todo such great things in the 
gas-lighting question, it was somehow compelled to 
borrow the help of the much despised stenm engine to 
work the dynamos or apparatus by which the electricity 
Was so to say created—and which was vet, somehow, 
wt the sume time to supersede the necessity of having 
uny steam engines at work at all. The point here 
involved does not in the very slightest degree detract 
from the high value possessed by the power of 
developed electricity, nor from the marvels which 
that power hus even now crested,  Grent us those 
have been in the pa-t, weare of those who believe that 
they will be eclipsed by the still greater marvels of 
the future. For it is difficult to set bounds to, or 
even to conceive the potentialities of, elevtricity us a 
help to man in the doing of his work or in minister- 
ing to the comforts and the clegunces of existence. 
But beyond any doubt or cavil, those potentinlities 
have yet to wait for their practical existence for some 
method quite different from that at present used, where 
we are compelled to employ some other power to give 
us supplies of the “wondrous thing” to which we give 
the nme of electricity, IRtseems, for aught we know, 
to exist everywhere, to be present in all matter; and 
the day may yet duwn which will give to man the 
ability to get supplics of it as readily and cusily avail- 
able for the production of motive power us are the 
supplies of coal and water, which, used in and by 
appropriate appliances and machines, give us the 
motive power we cull the steam engine. Till then 
the stenm engine has little to fear from electricity 
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supplies of which ave obtained in the way—or In like 

fashion in whieh they are secured ato present: that 

ix, by the @uiployinent of some other power, us, for 

axmuple, the steam engine, which notwithstanding 

ix, necording to some, to be supplemented by the 

eleat ric engine, 

The Subject of Last Paragraph continued—The Future of 
the Stvam Engine —The Gas Engine as its Rival and 
Suppliunter, 

The ease ons it stands is somewhat diffurent when 
we take into considemion the gas engine as a rival 
to Che stenm engine, We are disposed to go far with, 
nearly as far as, those who believe that the gus 
engine is ta be the prime mover of the future, NO 
one, indeed, who has had even but a comparatively 
slight vcquaintinee with what has been done of late, 
we might suy recent, yours, in the science of thermo- 
dynamics—or, to give it a more popular name, heat 
power or motions—can hesitate in believing that we 
are on the threshold of some decided changes in the 
way we avail ourselves of the heat stored up in our 
coal supplics, That we have in past times thrown, and 
for the matter of that are throwing away duily, a huge 
proportion of the heat which coal can give us, is 
beyond any doubt. And those who know what the 
comparatively modern invention known as the “ gas 
producer” (see the series of papers in the Journal 
which will vet be published under tho title of “The 
Furnace Builder”) has done in the hands of such 
vifted nen as the late Sir Charles Siemens, nnd a host. 
of able workers who followed in lis steps, in the way 
of using goul economienlly, so as to get out of it the 
largest percentage of heat it is capable of bestowing, 
must have had the conviction forced upon them that 
we shall in the future make a more sensible, because 
& more scientific use of the stores of coal whieh a 
beneficent God has given us naturally in such lige 
abundance, And those who may think so little of 
the folly and the sin of “ waste” as to be cnreless 
in the matter of adopting any improved and more 
scientific way of using coal simply becnuse it avoids 
this waste, may take quite another view of the matter 
When they find ont that such methods not only avoid 
waste—to them at the best but w negative advantage 
—but will give them the positive benetit of getting 
their work better and more cheaply done under tho 
new mode than under the old. What inflainmuable 
gases can do in the way of saving the consumption 
of vast quantities of coul is wituessel with striking 
effect in our iron districts. There in inany Instances 
the steam is raixed, or hot blasts obtained, without the 
consumption of a singlo pound of coal; and this, be 
it noted, by the use of those very gases which were 
truly callod “ waste,” and which years ago were passed 
uselossly into the air from our iron blast furnaces. 
We go fur, therefore, with those who see a wide 


fature for the gas engine, and 4his more 
extending as the knowledge of the night 
constiming dol beeomes diffiised amongst thoxe who 
wre large users of motive powers, But we do not 
gooso far us some, who persist in stating that the 
steam engine is doomed, and that it will be wholly, 
aud asx sume say also quickly, supplemented by the 
wus engine, Aud in siying this we by no means 
iwnore the selentifie and mechanical industrial value 
of the gas engine,-- we are rendy to join in its praixes 
to the utmost point—but itis beeanse we judge that 
the evidences nround us in favonr of its quickly and 
Wholly supplanting the steam engine are not sufll 
ciently abundant to justify the belief that this will 
he so, 


way of 


fome Practical Business Considerations connected with the 
Foregoing, as to the Future of the Steam Engine. 


If we look at the point simply from an everyday, 
ordinary, or what may be called the common-sense 
point of view, we shall see quite enough to convince 
us that to supplant such a long usod and so firmly 
an established machine as the steam engine is not 
quite the ensy thing it is said by some to be. The 
mere conservatism of human nature is strongly 
aginst this conclusion, dust os it is difficult to get 
men, wceustomed for long to go in one groove or line 
of action, to move into another and quite a new one, 
when old and thoroughly established habits are to be 
overcome, nnd possibly (my, very probably) a host of 
prejudices to he removed,—so it is dificult to get men 
to move usa body in getting rid of avy particular 
kind of mechanical help which hos for long assuredly 
served them: in good stead in the doing of a wide 
variety of work, and to take up i new kind, however 
promising it may be. Nor will the fuct that the old 
mochiuical aid may be proved, beyond even the 
possibility of doubt or cnvil, to bo wasteful, and 
thereforo unnecessarily costly in working, and the new 
one just as conclusively proved to be as economical, 
prove so powerful an incentive for parties widely to 
make the exchange, as some hold it is, on the ground 
that self-interest, the claims of the purse, which are 
mid always to be clamoroux, will he so powerful that 
the exchange will be quickly and universdly anade. 
Tho fact, as we find it existing mmongst us in the 
everyday walks of life, is much more the obher way, 
and proves that self-interest, strong as iL is With xome, 
is much exceeded in strength with more, by pure 
prejudice, or the constrnining force of long-continued 
habit. And that this is so cnn be easily proved 
any day, everywhere, and always, in every Clauss of 
teclnien] workers. Jf it were not so, inventors of 
new mechunicnl arrangements, discoverers of new 
processes, would, in place of having to wait wearily 
and long, as they generully have ever had, and still 
have to do, to get their new things introduced und 


and more 
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widely supplant the old, they would be quickly over- 
whelmed with orders to begin and colnplete at onee 
the transference or transformation. We could cite 
cases almost endless in mumber in support of this; 
but suflice it to take here one instance, and that a 
event one. ‘Lhe researches and the results of patient 
praction! working of such men us Siemens have 
proved beyond any doubt that by the adoption of 
new and soundly scientific inethods of ellecting fuel 
or cout combustion, a saving as compared with the 
results of the old methods would be effected, which, 
taking into consideration the almost universal) direc- 
tions in which the new methods could be used in 
connection with all our industrial processes where 
fuel combustion is a necessity, would be so enormous 
that we may write or name the amount in figures 
and yet huve uo mental conception of its value. The 
difficulty is, not to prove the value of the new 
method, but to get men practically to believe it. All, 
or nearly all, are quite ready to give an intellectual 
assent to it; few attempt to confute its theory, or 
dare to deny the facts of its practice. But this 
merely wental assent to or agreement with the new 
theory goes no further with the majority; and if 
self-interest alone had had to decide the point, by 
this time, after all that has been done to prove the 
high value of the new systems of fuel combus- 
tion, the old methods ought to have been nearly, 
or altogether, obsolete. But nothing of the kind 
has happened, and the adaptations of the new 
ure but as units while the old methods can be 
reckoned by thousands; and there is not much 
evidence to be had to prove that it will he 
otherwise for a lone time to come, Nor, after all, 
need this be matter of great surprise, when we con- 
sider that there are purely business points mixed up 
with all questions concerning the adoption of new 
for the supplanting of old machines or of Jong 
established processer. The old machines and appliances 
are there; they uve been erected and put down at 
greater or less cost; they have been paid for; they 
have, bevond all dispute, done good work—have given 
thejr users fair, if not in many cases very handsome 
profits; and before they can be supplanted by 
other and newer things, they have to be taken down 
if the space they ocenpy is valuable, or left standing 
if it can be spared; but in any case rendered uxcless, 
And to one who, for example, hag a mill or # floor 
full of muchines which have cost him much hard 
eaxh, it requires very long and careful cogitation on 
his part, and will at the best cause him a pang more 
or less painful, to see them taken out, carted off, and 
sold as old iron—as many a mill full of machinery 
has been so'd—und their place taken by new machines, 
which have in turn to be paid for. And some 
appliances, such as those connected with the iron 
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manufacture (seu the paper entitled “Phe Tron 
Worker" in) this Journ), are ko very costly that 
their owners are scarcely to be bhuned for thinking 
twice before they stipplant them with newer forms, 
however inore economical da working and effoetive 
they may be proved beyond all doubt to be. The 
marvel rather would seem to be that, seeing the 
enommons cost and trouble involved in vetting rid) of 
oll machines and processes to make way for new 
ones, so tuany of our teehiical manufacturers do go 
through the costly process with stich apparent, in- 
difference, That they do even in these coniparatively 
few causes, spenks volumes fur the enterprise of thivKe 
conneeted with our trades and manufactures, But the 
fact that those causes are exceptional proves abundantly 
the truth of our position, and affords a powerful argu- 
ment in favour of the view held by the great majority 
that it will be long before the steam engine is sup- 
planted by other forms of prime movers which 
are said, or even proved beyond a doubt, to be better 
and more economical than it. And we have pur- 
posely put before our youthful technical readers the 
foregoing considerations, inasmuch as it is important 
that in early life they should form the habit of 
looking at a subject from more than one point of 
view, however brilliant and fascinating that point 
may be—looking at it, in fact, us the saying is, all 
round, Nor, moreover, are the considerations we 
have given likely to be useless to our youthful readers 
when they get on in years and forward in position. 
They are reasonably looking forward now to the tite 
when they will be masters then; and if they reach 
this point, then it will be found that they have a very 
eloxe bearing indeed on the way in which their © busi- 
noss” is conducted and their success in life secured. 
Importance of a Knowledge of the Steam Engine, ite Prin- 
ciples and Details, to the Steam Engine User and Driver. 
Let us then take it for granted that the steam engine 
will be for a long time the almost universally employed 
prime or first mover, where power to da mechanical 
work ix required. Qn leaving the field of controversy 
which this assumption may open up, to some, and 
adverting only to the fact, which no one can venture 
to dispute, that at all events the steam engine ix now 
or at present the almost universally employed prime 
mover, it is scarcely necessary to take up much, if 
indeed any, space in proving the advantages which will 
flow to the user of u steam engine or to its driver, 
by having a knowledge of its principles and its 
details, and how these ean be made most effective in 
the doing of the work demanded of it. This is so 
obvious that all that it secins neccssary to give in sup- 
port of it, is the old saying, that the more you know 
of a thing the better you can use it. Let us look for 
a brief space, say at the case of the users and drivers 
of the class of steam engines known as portable, 
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wuploved: now cll over the world ino a wonderfully 
wie range of industrial work, | Tt is a complaint é 
we regret fo say but too well founded Upon experience 
e—somewhiat frequently: formmulited by engineers and 
machinists, that thet engines and machines have not 
e fair pliv’ as the plirase goes, Put in another bt 
mere periphrastie form, this means that the engines 
and machines they fimish to their customers ave not 
niwitvs --tudecd,assome have a speci right to complains 
net often -either kept eavefully in good working order 
ax When left with them, or so maintained by careful 
working and judicious management, No doubt itanay 
be said, and truly enough, that the objections made to, 
and faults found with, both the arrangement and the 
svle of working of their machines und engines have 
their origin not with the carclessness of them customers 
persomuly, but with the men they employ to take charge 
of them, But though this is perhaps true as a rule, 
stil] it may without any breach of justice be suid that 
custoiners Or Masters ave in many cases the true cause 
of the difficulties here alluded to arising; for they 
have at least the power to insist upon those in their 
employ working the engines and inachines carefully 
and using them judiciously —and if they do not 
exercise this, it is not oasy to sav that they are blame- 
less in the matter. No doubt it may be said that they 
nro not themselves acquainted with what is careful 
usage or judicious working; that they are not, in brief, 
endiueers or machinists, that they should be expected 
to know these things, This is specially true of the 
Chiss who use agricultural portable engines as part of 
the imichinery of their daily famm work, Still even 
those who can plead mechanical ignorance cannot 
plead that they do not know how to treat property 
with care, And it not seldom is seen that on the 
farin there is a positively wanton indifference to the 
condition in which valuable machinery is kept and 
the way in which it is trented. The writer of these 
lines has had occasion in business to have much to do 
With machinery employed out of doors, and in the 
out-of-the-way places in which portable engines are 
worked 5 and he has frequently beon really concerned 
to note the waste which goes on Jn connection with 
this— a waste which conld be easily avoided, and that 
without requiring any mechanical knowledge, ouly the 
exercing of that common-sense care which surely no 
one can deny the ability to possess, It takes, for 
exnmple, no mechanical knowledge to be aware of the 
effect of moisture upon iron and steel work, or of 
exposure to atmospheric influences; no great know- 
ledve to be awnre of the effects of accumulated dirt; 
und although perhaps a little more, still not much, 
inechanical kuowledge to know that parts of the engine 
working lvose, joints of steam pipes, ete., ete, leuking, 
are just so many evidences of waste of power, Yet, 
in those and in other ways, many a portable steam 


engine Which wax originally turned out a good machine 
of its class hy the maker, is allowed but too rapidly 
to get out of order, for which the maker is not. seldom 

Divaned. There are of course other points connected 

With stent cngine uiaimagement which demand a 

higher cliss of mechanical knowledge and of these 

the present paper will in due course inform the reader. 

This brings us to the 


General Plan of the Present Series of Papers. 


Alihough we have lut just named the elass. of 
stow engines known as “portable,” whieh, while it 
wbraces high-class work both in design and detail, 
mny be tuken as w whole us giving our sliuplest forms 
of engines, still our readers must not suppose that our 
remarks are mennt to apply solely to this class, or to 
engines of corresponding size which are designed to 
give out power only to a limited extent, ax in the 
case of small works or fuctories, or where but a single, 
and comparatively a simple, train of machines is to 
be worked. We hope to be able to present the 
readers of our pupers with much that will be prac- 
tically valuable in cases where the stenm-eugine 
power is comparatively and also positively large. 
There are more ways than one of treating our subject. 
We might, for example, begin by giving n general 
view of the stenm engine, and explain Uriefly the 
principles of its action. Thereafter wo might go into 
a deseription of its detailx, und at that stage give 
remarks upon modes of fitting the purts up, and of 
putting then and keeping them iu good working 
order und repair, and the details of its geucral mnage- 
ment, And finally we might explain the wethods by 
Which the condition of the engine was ascertalned, 
and whether ii was giving out its most effective power, 
and if not, what wore its defeets—in other words, the 
cause of loss of power, which mewis practically waste 
of fuel, After, however, taking into consideration 
the circumstances connected with the varied class of 
readers, and luoking at the larger mmount of pretical 
interest Which is likely at first to be created in the 
subject, wo have determined to reverse the order of 
the arrangement just named. This brings us at once 
10 deal with the Jast-nnimed point; and in connection 
wilh it we have to draw attention to the value of the 
“ indieutor” to users of sleaineengine power, 


The Indicator an Instrument Essential in ascertaining the 
True Oharacier, defective or otherwise, of the Work 
done, and the Effective Power given out by a Steam 
Engine, 

Although now used to a very much greater extent 
than formerly, still its employment is by no means 
so genoral as it ought to be, even amongst those who 
know its value; while wot aw few are to be met with 
who know but little concerning it, and that little uot 
always accurate. 
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THE TECHNICAL STUDENT'S INTRODUCTION 
TO THE GENERAL PRINCIPLES OF 
MECHANICS. 


LAWS AFPECTING NATURAL UENOMUNA-— MATTER 
AXD MOTION, 


(UTAPTER TY, 

The Theories of Mechanics generally accepted by Scientific 
Moen, so accepted because they ft well in with and afford 
a Convenient or Reasonable Method of studying Natural 

Phenomena and applying those to Practical Work. 
Anp this is so, not that the men of science know, 
or even profess to know, a/Z about the phenomena, or 
pretend to say that their definitions of certain terms 
are absolutely correct: they merely accept them—and 
we can affirm that they constitute the great majority 
—for the reason stated in preceding paragraph. And 
they are in the fullest sense justified in so accepting 
them, inasmuch as they can assert with no small degree 
of pardonable pride that all the gigantic and vuried 
works of our modern engineers and mechanics have 
been worked out upon the lines or in connection 
with such deviecs, In what we deem it necessary 
to give, therefore, on the theory of mechanics, we 
purpose to go upon the lines and to follow upon the 
principles about which the great majority of scientific 
and practical men ure fully agreed: principles which 
make up uv theory of mechanics which fits in, on the 
whole, so admirably, and it mmy be said so logically 
or rensonably, with the facts of daily experience, that 
by its help men have been enabled to bring into 
existence all the wide range of mechanical helps in 
the doing of man's works which we see around us. 
And what has enabled mechanies and cugineers as a 
body to do +o much practical work may well decide 
the youthful reader who purposes to follow during his 
after life in their steps to conclude that the theory 
which has suited them may well suit him,—better 
than one or other of the theories which make de- 
mands upon his belief which he instinctively feels that 
if it is not impossible, vet it is very dittien|t, for him 
to believe, And then this other, and the very common- 
sense consideration, is sure to come up in the mind of, 
or at least should not be lost sight of by the student— 
namely, seeing that there are so many theories, or #0 
many explanations or hypotheses, and all of them 
difficult, which of theni is he to believe and accept as 
his theory? It muy be that one is correct, but which 
is the one is a question which, sccing that it is im- 
possible to answer satisfactorily, may well decide the 
student to rest satisfied with the principles upon 
which all that mechanics have hitherto done, and are 
in fact daily doing, depends, For the present at Icast 
we counsel the youthful student not to venture «4 
voyage, so to say, upon the sea of scientific theories, 
conjectures, or mere guesses— the waters of which ure 
not always calm, but somewhat frequently disturbed 
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by winds and waves of discussions whieh in thelr 

warmth are not always consistent with the spirit: in 

which selentifie discussions should be carried on, 

Tho Terms used in connection with the Explanations or De. 
roription of the Laws on which Natural Phanomena depend 
the Basis of what is called the Science of Mechanics, 

Tn giving what we deem it neerssary for the youth. 
ful student in mechanies to know upon the “old 
lines "we have indiexted, we shall endeuvour, in giving 
the terms necessary (0 our remarks, to explain clearly 
what those terms are—thatis, what thev mean. This 
is necessary, for we do not write for those who know 
and could caxily explain what they know better than 
we du: we write for those who do not know the subject. 
The very fact that they wish to know what we write 
in order to learn is proof that it is our duty to teach. 
Now, # teacher should never assume that his pupils 
know what he knows or ought to know. In explaining 
terms, then, we ptirpose in al] cases to give their roots 
—thuat ix, to show what words they are derived from, 
As a rule, all our scientific terms are derived froin the 
Creek or the Latin, or what we call the classica 
languages ; sometimes from the French directly, some- 
times, though but rurely, from the German ; and the 
French words are themselves in many instances derive. 
from the Latin, And this purpose of giving derivation: 
of terms we have decided upon, having a profounc 
lelief, derived from a fairly wide experience of what 
both working men and students are, that those 
derivations, at least in many instances, throw a clear 
and full light even upon the principles of which the 
terms have been adopted for a name; and in al 
other caves they help at all events to make the 
student better acquainted with the subject, and with 
the “real valueofl words,” than without their derivations 
he would he. On this point we do not require to say 
more, inasmuch as the subject is gone into with thut 
fulness which its importance assuredly deserves in the 
Preliminary Dissertation to the “ Dictionary of Tech- 
nical and Trade Terms,” which the editor has, in whut 
the writer of those lines feels to bo thoroughly in the 
interests of technical cducation, determined to form 
an important part of this Journal, Only this requires 
to be remarked here: thnt it may be by some thought 
that in detining the “terms” of tho science of 
mechanies in this present paper we shall be simply 
repeating what may be found in the appropriate 
section of the “Dictionary.” To which it is only 
necessary to reply that what we give here will be 
sufficiently full, and no more, for our special purposes ; 
the more complete and full definition being found in 
the “ Dictionary.” Further, should there be- as in a 
limited sense it may be truly said that there is—some- 
what of w repetition, we think that repetition directly 
useful in this paper, inaymuch as the reader will find 
what we give as to the meaning of terms most con- 
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veniently pliced im relation to the matter being dis- 
enased, sO that he is not called upon to interrupt the 
continuity of his reading by tuming to the “ Dic- 
tionary” to know what the meanings of the terms are, 
This ootisilorat ion would alone justify a repetition of 
definitions, even had that heen given as fully as we 
have shown that itis not. For that fulness reference 
must be made to the “ Dictionary.” 

Certain Terms continually recurring in all Disquisitions on 

‘| Mechanics '’ or Descriptions of Mechanical Work. 

In the foregoing purugraphs in this and in the 
preceding chapters, while glancing at certuin points 
connected with the subject of mechanism, and that in 
the most general of ways, as purely introductory to 
the specific disquisitions now about to be commenced, 
it was impossible to proceed without using certain 
terms ; and of those the reader would not fail to observe 
that two came up for frequent usage, those being 
Motion and Force. We have said that we purposed 
founding our remarks upon the principles or laws wpon 
which all mechanical work is based in what we have 
called the natural sequence of subjects, or what appears 
io us to be so. Now, we cannot ecnseive of any 
armngement of mechanical parts, however simple or 
complicnted those may be, doing what we eall “work ” 
without movement of some of these purts, or taking it 
asa whole, without the machine being in motion. On 
the other hand, it is just as dificult to conecive how 
this motion can exist unless it; be produced by some 
cnuse or another. To that cause which produces the 
effect of the motion which always accompanies or in 
fact does the work, the name force has been given. To 
the consideration of these two terms, then, we now 
direct the attention of the reader—taking that of force 
first, in accordance with the natural sequence of the 
subject, it being the cnuse which produces the effect, 
that is of inmotion, 


“ Force,’ one of the Terma so frequently used in Mechanical 
Disquisitions, and referred to in Preceding Paragraph.— 
Points connected with the Term. 


The definition of force has given rise to discussions 
which have for long time occupied the attention of 
scientific men, and will apparently, from all wo sco, 
continue to do so for long time tocome, And judging 
from the variety of opinions held concerning it, and of 
the like or a greater number of definitions resulting 
from those, it seems to be one of those things which 
no fellow can understand, Nor is this discussion less 
marked than are other subjects of scientific discussion, 
if not with the warmth of personality which begets 
expressions which surely in cooler moments must be 
regretted, at least certainly with a dogmatism which 
might well be spared, In connection with which dis- 
cussion, it appears to us that the paradoxical yet 
suggestive phrase, ‘More would be said if less were 
paid,” might well and reasonably be applied. And 
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certainly it is unfortunate for at least. the student 
of the principles of mechanies who is woout to begin 
his work of practical study, to meet at the very 
Ghreshold of his career of thought such a diversity of 
opinion as to what that is to which common sense tells 
him he owes the working existence of tlie machines he 
makes, and which he knows is exemplitied in every 
bodily exertion he makes or in every physical work 
to which he sets his hand, No mutter from what 
source he derives it, and no matter whether he calls 
it a force or power or energy, (this lust-named term 
is here given with « reservation as to its restricted 
character which will be fully explained further on,) 
he knows that beyond all doubt, without this 
something called “force” he could not even make 
them. Force or power or energy he knows to be 
present, and to be the cause of the work done, in 
every stroke of his hammer, in every chip which his 
chisel makes, in every turn of a screw or a nut; that 
he cannot even grasp his toul in hand, or muke some 
mechanical contrivance hold his work for him, without 
this “something.” And unfortunate as we deem it to 
be that the reader should be met nt the very outset. of 
his study with discussions all too warmly and keonly 
maintained --holding, as we do, that the result is, at 
least at this stage of his career, most puzzling, and 
what is worse, dishenrtening—we do not deem it 
necessary to go into the subject-matter of those dis- 
cussions, We believe, on the contrary, that we shall 
best consult the interests of our readers, as we believe 
also that we shall thus meet with their approval, if 
we confine ourselves almost with rigid closeness to the 
practionl matters about which there is no dispute, and 
which, if many of them have not met with precise 
definitions in which all men are agreed, huve at 
least—and this is for our reader much more to the 
point—-reweived all tho advantages of a long applied 
and carefully thought-out experience: an experience 
which, us we have alrendy pointed out, hos given us 
all the triumphs of modern mechanical work. And 
theories which have led to this may well, us we have 
already said, be accepted by the render beginning his 
study of tho principles of mechanics, 

At the same time, as wo cannot come to a right 
understanding of what tho principles of dynamics or 
the luws of motion are, and of the points to which we 
have in precedirg paragraphs more or less directly 
alluded, without going somewhat fully into this point 
of “force,” wo purpose doing so, but nevertheless, for 
the reusuns above given, as briefly as may be. 

Some Practical Considerations connected with the 
Definitions of the Term ‘ Force,” 

The term ig derived from the Latin word /ors, 
which signifies “strength,” and is defined in dic- 
tionary or general language to be “active-power” or 
energy or strength. A more precise definition is 
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ziven by one scientific authority ; “ force is that which 
tends to cause or to destroy motion.” But this upplies 
more to the effect than to the cause, and gives no clue 
to the answer to the question What « this “some- 
thing” which is called force, which causes or destroys 
motion? And it is here that the wide and singular 
diversity of opinion or conception, leading to as wide 
and singular opposition in detinition, arises. Into the 
metaphysics of this discussion—for much of it appears 
to be this, or what is very generally if somewhat 
irreverently called “chopping of logic’—and for reasons 
already stated, we do not intend to enter. We frankly 
confess, however, -that so far as the student is con- 
cerned, whose work is now, or is in the future, to be 
connected with mechanism, he had better defer his 
study of this discussion, and all its involved and 
intricate points, till he has reached an advanced point 
not merely in the study of what might be called the 
“received opinions” of men of science, about which 
there is little dispute, but in the actual practice of the 
workshop, about which there is less, And we conceive 
it to be quite # possible thing that, having reached 
this “further point” in his life of study and practice, 
he will feel, in fact, that so little is to he gained by 
going into the mazes of those discussions on what at 
. the best are and must be conjectures chiefly, that he 
will, so far from doing this thoroughly, be quite content 
with merely glancing at what is advanced by tho parties 
who have taken or muy yet take part in it, And in 
support of the udvico we here give, it may be stated 
that the discussion Is so confusing in its general 
results, so conflicting and contrudictory in its state- 
ments, sometimes so wild or far-fetched in its hypo- 
theses or suppositions, that, to quote the words of one of 
our ablest practical authorities on mechanical practice 
—not less ablo ag a scientist —“a humble student of 
mechanies anxious to Jearn what ‘the men of light 
and leading’ in his generation have to tell him about 
the ultimate principles of his science stands by per= 
plexed, embarrassed perhaps, nt least a little indig- 
nent.” But should any one of our readors after all 
mix himself up with these all 100 metaphysical disqui- 
sitions, it 1s quite possible, nny, exceedingly probable 
that, whether he mny feel indignant with some of 
those assuming to instruct him or not, he will he 
ultimately indignant with himself for giving so much 
time to so little purpose. It will be well, indeed, if 
he escape incurring a more serious loss by giving up 
the study altogether, not “indignant” merely, but 
fairly disgusted, with the utterly irreconcilable nature 
of many of the conjectures made and theories pro- 
pounded. How this may probably be the case, and 
how serious are the pvints involved in the advice 
we have ventured to give to the youthful reader in 
this matter, may be guthered from a further quo- 
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tation from the paper by the able authority age 
quoted, in which, referring to one of the theories 
of force, or to an attempted answer to the ques- 
tion What is it? he gives these pregnant words: 
“The manifold confusions, the almost inextricable 
jumble in which the ordinary terms and conceptions 
of mechanics are involved by the adhesion to this 
wrong definition of force.” We believe, therefore, 
we are giving advice which involves pointe of the 
utmost practical importance to the actual career of 
the young mechanic, to defor at least his study of 
this discussion here referred to, and with the able 
authority last quoted to be content with that view or 
definition of foree which controlled the great men of 
the sclence—-Newton, Moseley, Whewell, Rankine—or 
on which, to use the wordsof our authority, “they 
and their compeers have reared the magnificent fabric 
which goes by the name of mechanical science,” It 
will, therefore, answer all the purposes we have in 
view, if we give here those accepted definitions of the 
term “ force.” 

The Definitions of the Term Force which are received by the 
Great Majority of Scientific Men and Practical Mechani. 
cians and Engineers, 

“ Force,” as defined by the great Newton, “is an 
action exercised on a body tending to change its state 
either of rest or of uniform motion in one direction.” 
Moseley defines it thus; “ Foree is that which tends 
to cause or destroy motion, or which actually causes or 
destroys it.” Whewell defines it thus; “ Force is said 
to be whatever produces, destroys, or changes motion ” ; 
and Jast, but not least, Maeqhorn Rankine, the most 
eminent, practical, und scientific of recently living 
mechanical nuthorities, defines “forve” to be “an 
action between two bodies, either causing or tending 
to cause change in theiy relative rest or motion.” 
We could here give other definitions of men who 
have held high positions as expositors of the ordinary 
terms and conceptions of mechanics, all of which, in 
common with those we have above quoted, define force 
as “that” which causes the change. They do not, it 
will be carefully noted, concern themsolves in the 
slightest degree with considerations as to what that 
“that,” the “something” to which the name of force 
is given, really is, They know, and it will be well if 
the youthful reader also is content to know, that it is 
the mantfestations, so to say, of this “something ” 
with which they are in practice alone concerned. The 
practical mechanic, no less than the man of science, 
knows that when there is work to do and he has a 
force to do it with, he necd not concern himself with 
abstruse speculations as to what that force is, It is, 
as we have juat stated, the “ manifestations” of that 
“something ” called “foree” with which he has alone 
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THE WORKMAN AS A TECHNICAL STUDENT. 


How TO STUDY, AND WHAT 'TO Stupy, 


CHAPTER IIT. 

Tur last paragraph of preceding chapter was devoted 
to the importance of thoroughness in the doing of 
any work, or in following up any art so called, And 
we there pointed out how the word art was itself 
directly derived from ar, to plough, and proposed 
to show how it was that art could be likened to 
ploughing. (The reader interested directly in this 
subject will find the details of the plough itself, 
and of the cultural work it does, fully explained by 
a writer who all his working life has had to do 
with rural work, in the series of chapters entitled 
“The Farmer as a Technical Workman”; while the 
mechanical details of this important implement, and 
also of other implements, will be found in the series of 
papers entitled “The Agricultural Implement Maker 
and Country Blacksmith.”) Now, ploughing is of a 
twofold character : first the plough digs or “ burrows ” 
into the soil, running below the surface at a certain 
depth, separating both vertically and horizontally a 
slice of soil from the general bulk of what is enlled the 
earth or land. And after separating this slice and 
appropriating it, so to say, to itself as an object in 
which it is closely concerned, it lifts it up and turns 
it over so completely, that’ whut was originally the 
buried or under becomes the exposed or upper surface, 
And when the plough has done this, its nppointed and 
predetermined work, it leaves the sliee of soil to 
be further and finally operated upon by the ‘after 
influences "—a work of cultivation in which, as the 
reader who is careful to know will find expliuned 
in the chapters above referred to, the atmospheric 
Influences, as rain, sunlight, and air, play an 
huportant part, , 

Now let the render here pause for n moment, to 
yee what o flood of light this brief search above has 
thrown into the meaning of, or rather what is actunlly 
involvod in, the term ort—derived, as we see it is, from 
the Latin verb to plough. Thoroughness Is the very 
clement or tho essential condition of its being, An 
at, therefore, is something thoroughly done, and all 
work is art. How full and searching is the flood of 
light, then, which this investigntion throws on the 
method of doing work! The soil, porkessed of its 
valuable qualitios, and its capabilities of yiclding a 
certain desired result, is first dug up, and next 





turned over, so that it is in the best position to 


receive the after influences, which give it the quality 
of completed work. And this turning over of the 
soil so essential to the work cannot possibly be done 
till the severing of the portion turned over from the 
general soil is so far as required to be thoroughly and 
completely done, And now, taking our definition of 
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“technical” science or knowledye in education in con- 
nection with ull this, the roader will perceive in what 
its work really consists. 
Practical Lesson in connection with Technical Education 
deducible from the foregoing paragraphs. 
To impart. technicul knowledge, then, we find that. 
the material—that is, the mind, the capacity for, and 


capability to do work—must first be found, dug for, 


burrowed for; it must then be lifted up and turned 
over, 80 that all the influences calculated to complete 
the work shall have free seope to work upon the 
material so dug up. As the soil has under its 
maybe rough and barren-like surface, constituents 
which, once “brought to light,” give it the power to 
convert the old and comparatively useless land, grow- 
ing only weeds, into the new and useful land, yielding 
crops good for man and beast; so every man 
possesses some qualities capable of being made useful, 
And just as the turned-up-and-over soil is cultivated 
afterwards, and brought under certain ameliorating 
influences which make its constituents all the more 
viluable, so in like manner are the hidden quulities 
of a man brought up from their original obscurity 
into the light, and placed, or ean be placed, under 
those influences which cultivate them into higher 
productivencas. So far as the technical education of 

Man is concerned, we shull seo as we proceed what 

those influences wre. But meanwhile we desire to 

draw tho very special notice of the reader to the fact 
that ad/ those influences must be brought to bear, 
otherwise their full effect or rather the completion of 
the desired end will not be obtained, Still, keeping 
to the derivation or linguistic root of the word art, 
and to the illustration of tho rural work it involves, 
we would point out that it would be but of little 
practical avail if the slice of soil were merely dug up 
from the genoral land, turned over, and left there 
to take what chance thore might be of atmospheric 
influences surrounding it, alone acting upon it, Those 
alone would not sullice to muke it fitted to receive 
the seed and to mature that ll tho final produce was 
obtained, Other and after processes -hurrowing, 
rolling, clod-erushing, manuring- would all have to 
follow ; und after the sced was sown, and the planta 
camo up, these would have to be eared for—that is 
cultivated, or hoed, weeded, cleared und freed from 
choking weeds : and all those processes carefully and 
patiently done, before the heaviest crops would be 
obtained. And over nll and through all, to the very 
end, the atmospheric influences would exert their 
power to complote the work. 

Various Matters influence the Buccessfal Pursuit of Technical 
Knowledge—Mutnal Relation between the Teacher and the 
Taught, or the Student. 
liere we see that it is not merely the employment 

of one, but of all the influences, and those not only 
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intelligently but continuously exerted, in which what is 
culled “cultivation” consists, Soin like manner is tech- 
nical cultivation or edueation characterised, in which 
all the influences and means at commund--mental, 
physical, and (Inst, nob least), moral—ware availed of. 
And we do not hesitate to say that it would have 
made much greater progress than it has, had this 
great (rath been more widely recognised and acted 
upon than it has. And the work of education—that 
is, bringing all the influences to bear—necessarily 
makes this a feature of it, that it is a work in 
which the two are concerned, the teacher and the 
taught. The teacher will have but little success in 
imparting what he knows, if the pupil or student is 
careless as to the way in which he receives. Touching 
or stuily, in the fullest and most practical sense of the 
term, is thus seen to be a dual operntion—one of 
giving and imparting on the one side, one of receiv- 
ing and tuking on the other—and although this is 
xo, it not seldom is so forgotten that we hear of 
@ises where the tercher bhunes the student, and the 
student reeriainiates upon the texcher, although the 
great likelihood ix that both are to blame, And in 
this regurd the reader must not conclude that in 
using the word “ teacher” we menn to confine it to 
its ordinary significance of a living individual; for, 
so fur as the student is concerned, his books, and 
the great book of nature ever open to him, tuke the 
place often of the living teacher, And so fir as 
the capabilities of the student himself are concerned 
to be taught, or lis cupucity to take in an “ expla- 
nation” of an “urt,” he will find, as we proceed to 
inquire into the meaning of the term “ education,” 
that it is the drawing out of those eupabilities and 
their development which really, and in the highest 
and most practic! sense, constitutes rt, 


Position of the Student in relation to his Eduoation, 


At the siune time it will be found as a general rule 
that the fuult liex with the siudent. He must be a 
very poor teacher indecd who hus not anuch more to 
impart than many.—we may xay the majority—-of his 
pupils receive. For experience, we think, will show 
that teachers can point to but a very few with sntis- 
faction as having turned oul first-rate scholars; the 
rest, after the first excitement and direct influence of 
the teaching is passed, fall into the ordinary ranks, 
some of the members of which are so little distin- 
guished by aught superior to the genera] status, that 
for all tho practical purposes of technical education 
they may be said to have never been at school or class, 
never been students, This, therofore, implies that 
the student, if he passes from his class in this con- 
dition here stated, must have had some special cause 
or calises operating upon him, or have allowed causes 
procecding from outwards, or must have been himself 
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the erentor, as it were, of causes, Which have operated 
upon him; and through these --if not actually Uiwart. 
ing the efforts of the teacher, certainly not aiding him. 
hax been brought about the untoward result which we 
have named above, and which so many teachers have 
reason to deplore, There must be something riudicully 
wrong in technical education which results in so muny 
who have gone through its curriculum passing away 
into a condition which practically is equivalent to nevey 
having passed through it at all, Of all the crowds 
which puss through their classes, let teachers say if 
many become men of mark in their respective callings 
in virtue of that which they endeavoured to impart 
to them when under their teaching. 


The Facts connected with Technical Education as a System, 
Necessity to look fairly at those in order to arrive at a 
Just Estimate of what has been and what has yet to be 


done in it. 

Tt is good poliev—-nay, what is better, it is right— 
to look facts in the face, and to set ourselves resolutely 
to find out what reason there is for so Jittle eom- 
paratively Jinving deen effected in the matter of 
technical education. It is uot enough to say that the 
supply of the menus to itnpart it has been quite inade- 
quate to the real demand, and that we are only just 
Ieginning to face the necessities of this demand hy 
establishing technical colleges and schools. Of these, 
the good they are so well calendated to do and of the 
good they are vot capable of performing, we shall in 
proper place have somewhat to say; but the real 
question we have nationally to face is, What is the 
reason why so little practical resulii lias come out of 
the means of imparting technical eduention which 
we have for a pretty long series of years possexsod 
throughout the country, taking it usa whole? It has 
been of verv recenG times, and is in fact now, too 
much the fashion, in our anxiety to make the machinery 
of technical educntion, if not complete, at Jenst mach 
more extended than it is now, to argue as if nothing 
at all had been done in the matter. It is not so, and 
to say thut it is so is to do great injustice to the 
teachers und their clusses who hay. been working 
patiently for years, alas! with the little practical 
result we huve above drawn attention to. And of 
this we may rest assured : that the mere extablishment 
of technical schools and colleges will not ulter this 
result very much, unless we ascertain what the cnnses 
have been which have brought it about, and if 
possible do away with them, We hope, in the course 
of such counsel as we shall do our lest to impart, to 
show students how they should study and what to 
study, to be able to point to a few at least of the 
causes Which have—as experience in the matter leads 
us to belicve—operated hitherto, and are likely in 
the future yet to operate if not met and overcome, 
in bringing about this unfortunate result, 


THE OLNAMENTAL WOOD 


THE ORNAMENTAL WOOD WORKER AND 
DESIGNER, 


In Carpentry and Joinery, chiefly for Exterior Work. 
BEING ONE OF THE SUB-SECTIONS OF THE PAPER ON “FORM 
AND COLOUB IN INDUSTRIAL DECORATION,” 


CHAPTER III. 

In the concluding paragraph of last chapter we stated 
generally that in timber structures could be as cheaply 
obtained of pleasing design as those which were un. 
pleasing. This is true, at all eventa, of the plain or 
general outline of the structure. And as regurds the 
point of details, at but a vory little extra cost very 
beautiful effects may be obtained. And why people 
should grudge a little extra cost in making the outside 
of their dwelling-place a “thing of beauty,” while 
they will go to even a lavish expenditure in filling the 
interior with objects of beauty—ut least at much cost 
aiming at this-—we confess that we fail to see. Let it 
be remembered that a structure perpetuates cither 
beauty on the one hand or ugliness on the other, and 
that as a monument of the one or the other it is 
constantly staring us in the face, “in our going out 
and in our coming in.” Andif this one fact be borne 
in mind, it ought to influence us in making our pev- 
imunent abode that which is pleasing to the eve und 
gratifying to the taste. Nor let it be forgotten—whnt 
ix, however, but too frequently overlooked—that in 
this we owe a duty to our neighbours, It is all very 
well to suy that each man has a right to do “that 
which is pleasing in his own eyes.” But this right 
has its limits, and to a man of a well-constituted mind 
the truth is ever present that his public conduct—so 
to call it-—shall be so guided and directed that he will 
not willingly “give cause of offence” to those he 
dwells amongst. And it shows a sad defect in the 
esthetic estimation of the popular mind when numbers 
prefer an ugly to a beautiful thing; or, as we perhaps 
should put it as more correctly stated, that they are 
ignorant of whut constitutes the difference betweon 
the positively ugly and the actually benutiful. Nor 
does it the less argue a sad defect in the morale of 
the popular mind when numbers claim as their 
privilege, and assert it in their work, that they have 
a right to erect structures which are painful perpetua- 
tions of all that is grotesque or hideously ugly. 
Practioal Value of the Foregoing Considerations in relation to 

Ornamental Construction or Decorative Design of All 

Kinds.—The Position of the Young Artist in reference to 

Design, 


Such considerations are so far from being out of 
place here, that they have the closest possible bearing 
upon the present section of the subject named in the 
title to this series of papers. For it is not enough 
that we give, as we propose now to give, what may be 
called the alphabet of design in timber construction. 
This is necessary, but something more is required. 
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For although a pupil may be taught to read—that 
is, have a knowledge of what may be called the 
mechanical part of the art, so that he can tell each 
lotter, and pronounco or read any, however compli- 
cated, of their combinations—~it rests with himself 
that he reads so thut he understands. The teacher 
has, so to say, provided him with the bricks or stones 
by which he can erect a building, but it is the 
pupil who must put them together in proper fashion. 
So, although we give in succeeding pages what we 
have called the alphabet of design, the pupil must 
not suppore that a knowlodge of its elements con- 
stitutes design proper. ‘To exorcise this, the pupil 
must think for himself, must cultivate a love for the 
beautiful, and to do this he must observe and closely 
study in various directions. What those are he will 
find detailed in the papers in this work given under 
the head of “The Ornamental Draughtsman.” And 
we have ulso indicated in the foregoing remarks in 
this chapter some other points which should influence 
and guide him in his practice. The whole subject of 
art education is so wide, embraces so many points of 
special importance, that after all that may be said, 
complete as it may xeem to be, something more, it is 
felt, remains to bo given. The subject is one which, 
after receiving the elements, the pupil must in fact 
think out for himself, There is in this, as in all 
departments of knowledge, no “royal road” to its 
attuinment. The way is often very rough, always 
more or less dificult to be trodden ; und, like one who 
is ascending a mountain, the object seems about to bo 
uitnined, when further advance only shows that it is 
farther off than ever. It is not given to every one to 
reach the mountain top, but it is given tu every one 
thut if he chooses he can at leaxt have nv desire to leave 
the valley, remembering that each step tuken is a step 
which places him on a higher standpoint than he 
occupied before, from which he can command a wider 
prospect and breuthe better and purer air, 

Points connected with Artistic Design as Applicable to Con- 


atructive Work.—The Method of Treating the General Sub- 
ject of our Papers,. 


We have this further by way of introductory re- 
marks to notice: that tho eximples we give nre to be 
tuken more as suggestions for practice in design, than 
the actual details to be rigidly followed, This is the 
outcome, indeed, of what we have sild us to what 
constitutes true design, Ax in “Tho Ornamental 
Dranghtsman,” and “The Technical Points connected 
with Form and Colour in Industrial Decoration,” the 
authors of the papers under those hends have given the 
elements of the art, leaving the pupil to design his own 
combinations of them os applicable to any particular 
work he has in hand, so in the present series of pupers 
we give the foundation—tho pupil must on that rear 
the superstructure. The design, as such, must be his 
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THE ORNAMENTAL WOOD 


Overy own. Weare far from suyinu, however, that 

the examples we are about to give are to be taken 
for, or uscful ouly as, suggestions of design in detail. 
We may very easily claim for them a higher utility 
than this, For being taken almost in every instance 
from oxatinples of executed work abryad, either from 
sketehes of our own taken on the spot, or obtained 
from the many and special sources of information 
open to us, they may with all safety be necepted as 
details which may be executed in our practice of 
eonstruction. They must, of course, be used with 
judgment, if used at all in this way, and be taken 
so as to preserve a unity in the design us a whole, 
whatever be the leading characteristics of its detuils. 

General Characteristics of the Ornamental Work of the 

Carpenter or Joiner, 

Following out the subject opened up in the preceding 
paragraphs—namely, that of ornamenta) wood work— 
we proceed to the consideration of that department of 
it which deals with the details of the art. These 
details, of course, when pnt in position, or in situ 
(see “The Stone Mason” for the meaning of this term 
in construction, also “‘ The Dictionury of Technical and 
Trade Terms”), make up in combination part of the 
structures the general design or form or outline of 
which will be in another place discussed. It doe: not 
follow that those details, more or less ornumented, 
aro to form part of a» building wholly constructed of 
timber. They may be used in conjunction with and 
be enployed to give a graceful clegunce to structures 
of the more durable materials of stone and brick. 
Some notion of the effect of this combination may be 
obtained by an inspection of the design— specially 
prepared by us for the purpose —given in fig. 1. 

The General Form in which Timber is used for Ornamental 

External Wood Work. 

So far as these details are concerned, the orna- 
mentation used to give the msthetic or artistic effect 
aimed at is obtained by two methods of troatinent 
of the wood, This for details is for the most part 
used in the form of planks or deals (see “ The 
Timber Denler”). The one ix employed in the 
body of the plank, the other slong one or other of 
its edges, Tho ornament in the body or fuce of the 
plank or piece of deal appears in the form of perforn- 
tion—that on the edge or outer line ay what is 
best deseribed by the popular term “scalloped.” The 
work is thus simply effected by cutting, this being 
done in the small seale by hand, in the largo by 
machinery, Tho latter work gives on the Continent 
vise to # special trade the members of which supply 
to builders and carpenters a wide variety of planks 
or deals cut according to different designs. The 
trade or art of the trade is in France known by the 
nume of Bois découpé, or, as we should term it, “cut 
wood.” The pleasing effect obtained by treating wood 
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used in construction in this fuxhion may be illustrated 
in detail by tig. 3, and in combination in the design 
in fir, 4, and in fiex, Gand 3, Phite XX1. 

Practical Examples. -—-Simple Elements or Details of Orna- 

mental Wood Work.— Flat Surfaces. 

Fig, 2 may be taken us illustrating the very 
pluinest way in which it is possible to present a part 
of a structure, as for example at the horizontal 
lines of eaves boards, or the angular lines of a 
gable. Contrast thix with the very next or most 
simple advance which can be taken in its orna- 
wental treatment, and the pupil will admit that 





Fig, 2, 
there would be something more pleasing to the eye 
if the bald pluin edge of a 8, fig. 2, were treated 
throughout by a repetition of the exceedingly simple 
ornament in fig. 3. Still more would this effect be 
obtained in the next advance, as the design shown 
in fig. 4, and still more so in fig. 11, Plate XXI. 
The tout ensemble of the edge of a board, plank 





Fig. 3. 
or deal, treated with some pretension to artistic 
design, may be gathered from fig. 6, Plate AX1,, 
which is in design of a very simple charscter. A 
more ornate example is given in fig. 4, Plate AX1. 


Continuation of Examples in Detail. 

Tn this a further advance in the artistic treatment of 
the wood is observable ; for we have the two features 
formerly alluded to—namcly, the perforation in the 
body of the board, ag at aa, with the tromtment of 
the edgo or onter line ut bb, The effect of perfora- 
tion in a higher ratio of advance is given in fig. 1, 
Plate XX1, And here will be noted how the extreme 
edgo, ax « b in fig. 2, given above, of a flat hoard may 
be trented, as at aa in tig. 2, Plate XXJ. 1: place of 
entting the odge up into scalloped parts, ax in fig. 6, 
same Plate, the whole edge is treated throughout so as 
to form a pleasing curve from ono end to the other. 
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THE IRON MAKER: 


THE DETAILA OF HIS WORK AND THE PRINCIPLES OF ITS 
PROCESSES, 


——, 


CHAPTER Ii. 
We concluded the preceding chapter by stating that 
in their anxiety to give the greatest antiquity to 
the iron manufacture, some writers go back to the 
very earliest times from which to date it. But that 
those references are purely conjectural, and not 
based upon reasonable data, is pretty well proved 
by the closer investigations of more careful writers 
and authorities. Thus it seems pretty well estab- 
lished that, although in the earlier writings both of 
Scripture and pagan authorities, the word iron is 
often met with, it literally means bronze, This 
metul, a compound of copper and tin, beyond all 
doubt was largely used both in the fabrication of 
vessels for domestic purposes, for uso in religious 
worship, and for the making of implements of war. 
And if one enrefully traces the practical details, the 
making of iron, from the earliest times when we have 
records, however seunty, still of undoubted veracity to 
fall back upon, it will not be difficult to conclude that 
the ancients would have greater ease in the production 
of articles of copper, and of bronze as made from that 
metal, than in those of iron, How this is we shall see 
as we go further into the subject; but one point 
alone need be numed here in proof of the conjecture— 
that the metal copper, in being reduecd from the ore 
so called, wax produced in such a form that it could 
bo cust or run into moulds. Now, from the earliest 
recorded statements in connection with the history of 
iron, up to what may be called comparatively a very 
recent period, the manufacture of iron was confined 
wholly to the production of the material in that form 
now known as “ malleuble” or “wrought”; the produc- 
tion of “ pig iron,” to use the modern term, or that which 
would be cast or run into moulds, being a discovery 
made within times so very nearly approaching our 
own, thut in view of the long ages of the world’s history, 
it muy well be stated to be at least comparatively quite 
a, modern invention. 

Now, the render will see that the capnbility of sa 
treating copper that it could be smelted, melted, or, to 
use the technica] term, “reduced” into a fluid state, 
and in that condition run or poured into moulds, would 
give great facilities for the formation of a wide variety 
of forms, whatever the objects so moulded or cast were 
used for, And when we consider anothor peculiarity 
of the metal—its extreme ductility, by which it could 
be drawn out or hammered into various shapes—we 
see another reason why the making of articles of 
copper and of bronze would be carried out to a large 
extent by ancient artificers. Brass, a compound of the 
same metal and zinc, would probably be discovered at a 
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later date, as the alloy is more difficult. to make than 
that of copper and tin (bronze), from the tendency of 
the zinc to volutilize and pass off in the form of a 
metallic vapour. Another reason why it muy fairly be 
supposed that the making of articles of iron followed 
at a lnter date than that of copper ones, ix that the 
ores of iron practically are never met with in a state of 
purity, being almost always found associated in grenter 
or leas proportion with impurities which exercise a very 
deleterious effect on the quality of iron produced, We 
shall see as we proceed how largely this circumstance 
has affected and still affects the progress of the iron 
manufacture towards that economical and complete 
success at which iron mukers are still at this day 
aiming ; the existence of those impurities in the ore 
having, so to say, necessitated and brought into exist- 
ence those very improvements in the manufacture 
which, both in their seientitic and practical character- 
istics, constitute the most remarkable as it is the most 
gratifying feature of the iron trade, in its technical 
und industrial aspects. 

Copper and the softer metals being generally found 
in a state of purity, orat least very little deterionuted 
by impurities affecting the easy reduction or the quality 
of the ultimate metal, for many reasons—: one only, 
indeed, needed to be operative—man, therefore, in his 
earliest) stuges of civilisation, would use only those 
materials which could be most easily availed of, for 
hig contrivances would be of the crudest, his ap- 
pliances of the simplest character. Iron orex, there- 
fore, it may be reasonably predicated, were amongst 
the Inst used of metalle substances. 

The Early Workers in Iron, 

As we have said, history is reallv silent as to the 
country in which iron ores were first used for the 
production of articles fitted for tho use of man, either 
in his quicter sphere of domestic life or of trade or 
commerce, or of the fierce and ferocious wars nnd 
predatory oxcursions which at one period secimed to 
be the chief work of his existence. The earliest, 
certuinly the most extensive and by far the most 
successful, searchers after and users of metal ores, 
wore the Phannicinns. This seems to be admitted on 
all hands, And the probability is that they were 
the first to find and to hit upon a method of using 
the iron ores, in thelr extensive workings In metal. 
From a very early period they carricd on an exten- 
sive trade with the ancient Britons in the purchuse 
of tin procured from the mines of what is now known 
as Qornwall. Some authors state it as their belief 
that it is to the Phwnicians that the introduction of 
the manufacture of a workable metal from iron ores 
is due. And there is much to favour this view, 14 
it is not easily credible that a people who trafficked 
and wrought so much in metal ores and their products 
had passed by as useless. ores which were met with in 
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such abundance, and that #0 readily that in some in- 
utunces they erop out actually to, and in many cases are 
but a very little way lelow, the earth’s surfuce, The 
very abundance, moreover, in which the ores of 
‘ron are met with in localities which are now known 
ax the iron or ironstone districts, would, it seems 
only natura] to suppose, attract the attention all the 
more certainly of those who, like the Phanicians, 
had a practical acquaintance with metals, For it 1s 
one of the distinguishing, and to us as a people 
singularly happy circumstances connected with the 
iron trade, that its ores—and they are of great variety 
of constitution---are met with in thick or deep veins, 
and extend over vast areas of land, so that every 
facility is afforded for working the mines with com- 
parative case and profit. They are unlike, in this 
respect, the rarer and more precious ores, which are 
found only in limited areas or districts und not only 
so, but in limited quantities ; the veins, or lodes as they 
are called, being thin and frequently interrupted by 
the presence of foreign materials, which interruptions 
have got the ominous name of “faults” attached to 
thein in trade or technical phrase. Another, and as 
the vender will not. fail to consider, a singularly happy 
fenture of the great districts of iron ore, is that they 
are generally associated with, in fact, in near contiguity 
to, the conl fields, Tho vesult of this, in its practic] 
form, we shall presently see, 

The Romans as Extensive Workers in Iron while in 

Possession of Great Britain, 

Whether, as conjectured by some writers, or not, the 
Phanicinns had imparted to the ancient Britons the 
secret of the uac to which the ores of iron could be put, 
or whether, as some others hold, the ancient Britons had 
possessed it long before, certain it is that throughout 
the period during which the Romans had possession 
of Great Britnin the manufacture of iron was carried 
on to vn large extent. One of their largest, if not tho 
largest, iron works was situated at Bath, this beautiful 
city having been chosen from its antiquity not only 
for the iron ore deposits, but the large forests, from 
which a supply of timber for the making of charcoal 
could be obtained. The vast mounds of scorim which 
long formed a distinguishing feature of the landscape 
in this region attested the extent to which the 
Romans had carried on the manufacture of tron, 
But it was not only to their work that the origin 
of those mounds of iron-trude débris is to be traced ; 
for it is the opinion of some writers that many of 
them were the result of the iron-making carried on 
by those tribes of Northmen from the northern seas 
of Europe, who long and sorely ravished this country 
subsequent to the departure of the Romans from it, 
This view is sustained by tho local name long given 
to those heaps of scorivw in some districts— namely, 
“the Danes’ cinders,” Long an encumbrance to the 
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land surface, if not an eyesore to the lover of nature, 
it remnined for generations sucvwwoding to the land 
centuries after to utilise uch of the seoria: of which 
they were composed, by employing them in the blast 
furnaces which were erected in the districts. How 
and why, we shall in due place describe, 


Chief Locality of the Ancient Iron-making in Great Britain, 
When we tnke up the detailed description of the 
three great classes of manufactured products from 


iron ores, we shall explain the ancient method of 
ranking iron—in which, ns may be gathered from 
What we have just stated, charconl was used as the 
reducing or smelting fuel, Tor a long time the 
dense and extensive woods with which large districts 
of England, chiefly to the south and south-west of 
London, were covered, yielded an ample supply of 
the wood required for the making of the chareon). 
These woods gradually disappeared; and in order to 
sive & remnant of them for other and natural pur- 
poses, it was made penal to ent the trees down for 
any purpose. This, with the positive lack of timber, 
almost virtually extinguished the manufacture of iron 
in Grent Britain, and it was almost wholly carried 
on lw Continental peoples, as those of Sweden and 
Russian, who yet possessed boundless forests of timber. 
Sweden, possessed of the finest timber, as also of 
the most valuable iron ores, rose into a distinguished 
position as un iron-producing country, which it has 
sustained, as we shnll sec, up till tho present day, 
The general reader may perhaps here express surprise 
that any difficulty arising from a searcity of wood 
could not have been got over by simply using the 
common coal of the country, But what has to be 
said ju connection with this point opens up one of 
the most curious, as it certainly is oue of the most 
suggestive, chapters in tho history of the iron trade 
of Great Britain, 


The Old Method of Making Iron with Wood as a Fuel— 


Suggestive Points connected with this in Relation to the 
Modern System. 


We stated at the end of last paragraph that the 
difficulty to obtain supplies of charcoal in this country 
had brought the manufacture of iron to such n point 
that its production had almost ceased: so seurce had 
it become that in the reign of Edward the Third all 
exportation of it was prohibited under sovere penn lties, 
Practically, for long we were dependent upon the 
densely wooded countries of northern Europe, who, 
not only thus fortunate in the possession of an 
unlimited source of charcoal supply, were equally xo 
in that of mines of the finest iron ores, The iron 
made in those early days of European civilisation, 
when the arts und sciences were only just beginning 
to show some symptoms of vitality, was of the kind 
or claxs we now know as malleable, or more generally 
wrought iron, 
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THE JOINER. 


TEE GENEDRAL PRINCIPLES AND THE DETAILS OF HIS WORE. 


CHAPTER IV. 
Vertical Joint with Mortise and Tenon. 
In the last form of joint illustrated the groove 
eis cut to a certain depth only, and across the full 
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Fig. 81. 
breadth of the piece «a; tho width of the piece vl 
being supposed to be equal to this brendth ; but in 
the joint in fig. 31 the width of the horizontal piece, 
asd’ d', is greater than the thickness of the piece 6 b, 





which 1s to be jointed verticully to it, and which is to 
occupy the centre of the width W'd’. The joint is 
effected by mortise c’ and tenon 4 cut in the end of a. 
The mortise 0’ and ¢’ is cut through the full thickness 
of piece @’ d’, so that the end of 6 may be wedged up 
from lower side of piece d’ d’, The tenon 4 is not of 
the full width of a, but is cut so as to give a shoulder 
at both sides of the tenon b, as shown. 


Joints for joining Horizontal with Vertical Pieces. 
Fig. 32 shows u method for joining a horizontul 
piece a to a vertical piece b, both of which are of the 
same thickness, by « dovetail] tenon shown in side 


elevation at g, and @ corresponding mortise A, This 
is cut the full width across the face of vertical piece 
dd, as shown at ¢. In place of making the tenon 
as at h, in ¢ 7, it may be cut with shoulders, as 
at j j, on each side of the tenon /, corresponding 
undulations or hollow parts being cut out as at kk, m, 
Pieces at right angles to each other, as in preceding 
figure, are met with in framework very frequently, 
the pieces being generally of the same thickness, and 
often, though not always, of the same breadth, Thus, 
in fig. 31, a’ and b’ are parts of pieces joining as at the 
corner of a framing. In cheap work, the joint may 
be made on the “half-lap” principle, illustrated in 
fig. 12 (anée); a part equal to the breadth of the piece 
in length being cut out at the end of euch, as shown 
by the dotted line on piece a a, fig. 33; the thickness 
of the piece cut out of each end being, of course, 
equal to half the thickness of the piece; and as the 
thickness of the two pieces is the same, the result 
is that when the two pieces are put together the 





7, 






_” "ZB 


N 














Fig. 8. 
surfaces will be flush on both faces. The two pieces 
will have to be secured together by nails or otherwise. 
But in a higher class of work the “tenon and mortise 
joint,” as in fig. 26, may be used, as shown in fig. 33, 
in which a’ a’, to the right at top of dingram, shows 
the edge view or thickness of piece «@ a, having an 
open mortise }’ eut in the centre of its width und 
ut the extreme end, the depth of which is equal 
to the breadth of piece b b; this is shown at eé ¢ 
with the tenon d cut at the extremity, which is 
driven into mortise ’ in a@' a’, end view d ¢ ¢ being at 
cinw’ a’, Ora double mortise and tenon joint may 
be used, the double tenon being as at f and g in 
end view, und 4 hk in face view i 7 For the joint 
thus made will be secure against any pressure acting 
in the direction of the vertical arrow 2, or horizontal 
one as shown in upper figure to the left; but pressures 
neting in directions opposite to those directions will 
tend to draw out the tenon from the mortise laterally 
or force it up vertically. To keep the whole in place, 
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a wooden pin may be used, inserted into a circular 
hole cut through the piece a a and the tenon d. In 
fig. 334 we give another form of this class of joint, 
in which the horizontal piece b is secured to the ver- 
tical piece « by the grooved and tongued part at ¢ 





A Modification of ‘' Dovetail’ Joining, as at the Corners of 
Two Pieces meeting at Right Angles, 

In fig. 34 another form of joining pieces, as at the 
corner of a frame, is a modification of the principle 
of dovetailing, in which the mortise and tenon, in 
plice of being plain surfaced, as in the last figure, 
are dovetailed. The mortise cut in the piece @ a is 
cut across the end, and is open to this, as shown in 








end view at d 2 f yin hh; the depth being equal to 
the breadth of piece b. The end of piece 6 ix cut out 
with « tenon as at 7 andj, and when the two pieces 
are placed together by inserting the tenon 7 in the 
mortise d ¢ fy, on looking at the edye view at a’, 


of piece «a in the direction of the arrow | to the 


left of the upper figure; the end of tenon @ is seon 
at 6’ in cross hatching. Looked nt in the direction 


of arrow 3, the whole presents the appearance as at 
h' h', # and j, those being the sume parts as those 


correspondingly lettered without the accent. Pres- 


sures tending to xepurate the pieces are prevented by 
the form of the joint here employed, excepting in the 
direction of the arrow 2; and to meet this pressure or 


separating atrain, a pin as at ¢, or in edge view at 4, 1s 
passed through the two pieces from side to side, and 
finished off flush with both surfaces, not allowed to 
project, as shown in the diagram at i. When the 


dovetail principle of joint ix applied to work, ne w mua 
boxes, or ins very complete way in larger work, the 
double dovetail is employed, as illustrated in fig. 35. 
In this form of joint it will be perceived that strains 





Fig 85. 
tending to separate the two parts a and 0 are met in 
both directions by the angular form being given on 
both sides, 


The ‘' Mitre’ Joint, 

Pieces as in framework are joined at right angles 
by what is called the ‘“ mitre ” joint. In the illustra- 
tions already given, the end of each piece is cut off at 
right angles to the length. But in the “mitre” joint 
each end is cut off at an angle of 45° to the length, 
as in ¢ d' of the piece a’ a’, or 0 U’, fig. 36. When 
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Vig, 86, 
picees thus cut are joined face to face, us ¢ dd! of ata! 
too! dl’ of U' 0’, they are exactly at right angles to ech 
other, or square, ux ut aa to bb, and the joint ¢ (is 





Fig. 37. 


termeda “mitre” joint. A side view of piece b' 1’ is at 
ee. Tho pieces when placed in position must be glued 
or otherwise secured. A mitre joint sometimes used 
is illustrated in fig. 37, in which » shoulder, as at c, is 
cut in the piece a b, giving the end of the form as at 
ae dl’, 
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THE MACHINE MAKER OR GENERAL 
MACHINIST. 


SPECIAL EXAMPLES OF HIS WoRK—ITS LEADING THECH- 
NIGAL PRINGIPLES AND DETAILS, 





CTIAPTER IV. 

Early Stages of the Science or Theory of Mechanics or 
of Machine Making. 
In considering the circumstances of tho eurly stuges 
of the history of mechanism, as glanced at in the con- 
cluding sentences of the preceding chapter, it will be 
seen thatin truth the science of mechanics has passed 
through the same stuge which nenrly every science 
has gone through--namely, that to which we may give 
the appellation of the infant or child-mind ora, In 
this it is only the marvellous which excites attention ; 
and one has but to glance over the carly treatises 
known generally as scientific, to have abundant proof 
of this, he more elearly, indeed, the writer saw 
the value of the power, the more he seemed to revel 
in the extruordinary developments which could be 
given to it, and at the marvels of the work which it 
was destined to do for humanity, But the vory 
characteristics of this child-like stage precluded, as 
of apparent necessity, all consideration of the real 
conditions of humanity; and its work wus done, 
and guly could be done, when the manly stage was 
reached, of which the fenture is that work is to 
ho done in the arena of daily Jifo, A man of science, 
of the timex we write of, thus saw as a child, thought 
and wrote as a child, nor could he easily put away 
childish things, Nor should it be forgotten, in con- 
nection with the science of mechanism, that what 
brought scientific men face to face with the necessities 
of mechanical work, was what the purely working 
machinist, so long despised by the pure scientist, had 
actually done in applying it to the necessities of daily 
life, 

The Early Work of the Practical Machinist--Technical 

Lessons to be Derived from it. 

While the theorist was plodding on from day to 
day, inditing his long and “dry-as-dust” prelections, 
deseribing machines as impossible in their working 
arrangoments as illustrated, as they promised to do 
impossible things of marvellous little use to humanity 
—if they had been possible—the machinist was 
laboriously working out mechanical combinations 
and appliances which enabled the varied and ever- 
varying necessities of man to be provided for, His 
contrivances, slowly and all too painfully elaborated, 
helped to raise the conl and the iron ores from the 
mine, which without their aid had been inaccessible, 
and which many a writer who could in no way foresee 
what the machinist was capnble of doing, deplored in 
dolorous language us certuin to he inaccessible, and that 
but too soon for the welfare of mankind, Machinists 
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slowly elaborated the contrivances by which vast tracts 
of land were freed from water and rendered useful in 
the production of food, without which they would have 
remained not merely useless in this regard, but wide 
sources of miasma—potent causes of disease. And 
in a lesser way, but still vastly useful, it wns the 
machinist who devised and constructed the implo- 
monty by which these lands, created, so to say, by him 
—for without his machines thoy could not have had 
existence—were cultivated. And as our population 
increuxed, and with its increase the demand for its 
clothing, it was our machinists who dovised and 
constructed those machines which were substitutes for 
the manual Jabour by which for a long time clothing 
fabrics were alono made, and without which me- 
chanical substitutions the ever-growing demand for 
materinis could not possibly have been supplied, 
And go throughout tho wide range of work required 
by man,—a range over widening, not morely in 
consequence of his ever-increasing demands, but, 
curiously enough, by the very demands which one 
Class of machinery makes for another. A mont, 
suggestive circumstance this latier, and of which 
the present work will wbound in examples. 

Difficulties with which the Early Machinists had to Contend 

in Making and in Improving Machines, 

And all this work of the practien] machine muker 
wis dona, let the technical vender ever bear in mind, 
in faco of material difficulties of which the machinist 
of the present day, looking merely wt the cireum- 
stances of daily work by which he is surrounded, con 
hnve no conception. Te might devise a muchine, 
with all the “cunning” (kenning or knowing) “of 
the true inventor,” admirnbly designed to porform 
its work; he could arrange its combinations, and 
sketch out the several parts of which they consisted. 
But those parts were to be formed out of the rough 
materials at his command—the wood or the iron; 
and they could not be formed without the aid of 
mechanical contrivances, so that before a machine could 
be made to do its work well and economically, machines 
or mechanical appliunces had to be found by which it 
itself could be formed. Sv that the “ machines which 
mnke machines,” or help to make them—the tools 
which formed tools, or nssisted in forming them— 
had all to be discovered, made, and applied by the 
machinist before he could construct the machine he 
had to devise. The considerations which this fact 
brings up to the thoughtful mind are suggestive in the 
highest degree, and tend to place the labours of past 
generations of machinists on a much higher platform 
than many are disposed even now to concede to them, 
and to award to them a higher meed of praise for so 
successfully encountering and providing for the ditfi- 
culties under which they did their daily work. In 
looking back, indeed, upon the times gone hy-—not so 
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remote but what machinists now living, not yet 
deomed as the aged and retired, touched, so to say, 
their outer edge, and came in contact with the work 
done by our early ongincers—it is in truth difficult to 
comprehend how it was that they did overcome the 
practical difficulties with which they were surrounded, 
Like brave men as they were—of that Anglo-Saxon 
blood which knows not how to be defeated—they 
knew they had a work to do, and they set thomeel ves 
with a stout heart to do it as best they could. And 
but little record they left in the way of moanings 
over the difficultios they lad to deal with—which 
matters little to us ; and us limited their “ notes” of 
how they overcame them—which to us of the present 
day matters a grent deal. For such a record would 
have been simply invaluable, as it would have carried 
with it a vast amount of practical fucts of the greatest 
Service to us, not morcly as giving us lessons how to 
do mechanical work, but grave warning as to how not 
Lo do it, —examples for nvoidinece, as we have alvoudy 
hinted at, forming almost as essential a part in the 
training of men us those for adoption in practice. 


The Ability to Design or Invent greater than the Facilities 
offered to him who had to Construct, a Feature of the Early 
Times of the Machinist. - The Difficulties of the Cele 
brated James Watt, the Inventor of the Steam Engine, 
in the Construction of his Engines. | 

In the preeeding paragraph we vemarked that the 
ditticullies which our early machinists mot with in 
realising Lhe machine designs formed not the least purt 
of those they Jiu to encounter in npplying mechanism 
to tho work of everyday Jife, Lt would perhaps be 
more correct if wo said that their difficulties in the 
way of making or constructing » machine were much 
greater than those in the way of designing it. In 
point of facet, ability to design far outran the facilities 
to construct, And in & sense it is painful to think in 
how far and by what so much mechanic progress 
was hindered—being put back In sume instances, or 
rather put forward, by many yeurs, from pure lack 
of the fucilities to construct, 

We have before us a paper read reeently at 4 
meeting of the Institution of Mechanienl Knyineers 
by Mr. E. A, Cowper, one of our ablest engineers, on 
“The Inventions of James Watt, and his Models 
preserved at Hundaworth* and South Kensington,” 
In this paper Mr. Cowper givos tho following :—“ It 


* Heathtiold Tall, Handsworth, near Birmingham, the 
reaidenve of Watt—now occupied by Mr, George Taugye, the 
member of a well-known firm of mechanical eugincers at 
Soho, near that town, and who takes pride in retaining the 
room occuplad by Watt as 1 study and workshop in the 
Original state, and with its contents as left by the great 
inventor, As many of the models, ete, have been going to 
decay, Mr, Tangye, with considerable care, haa had photos 
grapha taken of them—a process of recording which has proved 
in some cases no easy matter to carry out. 
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is worthy of note that in # letter to a friend he 
(Watt) said that he thought he had got his cylinder 
bored go perfectly that you could not get # hualf-crown 
between the piston and the cylinder anywhere. Now, 
we must not be altogether surprixed at this remark 
when we consider with what material he was in the 
habit of making his models, Te used tin cylinders 
and soldered joints in many cnxes; and in one letter 
ho says ‘the cylinder was not very true, as it hid 
not been bored but was hammered’: and in another 
letter he says that he sliuil in future make his 
cylinders of copper, as though thut was a great 
improvement upon the matorial he had heen using, 
Iie xpoaks of his ‘White lron Man,’ who wus so 
useful, being duud—menning his ‘Tin Man’; bud dt 
does seem sad thal wv block-tin cylinder that he used, 
eighteen inches in diameter and a quarter of an inch 
thick, should be three-quuu'ters of an inch out of truth; 
and ho speaks of trying to iinprove it by hammering it 
with 1 mallet on the outside on a piece of wood fitted 
to the inside, It is curious to think of an optician 
and mnthematician spending time over such imperfect 
work, Tlis partner, Boulton, one day writes to Watt, 
who was away, that he had put in hand a bluck or 
boring heud to bore a ‘cast-iron’ cylinder, then in 
hand, probably oue of 74 inches in diameter.” 


The Difflculties with which Watt and all the Early Machinists 
had to Contend full of Suggestive Lessons to the Tech- 
nical Student. 


lf the young technical reader will think over this 
extract, he will find it most suggestive to him of what 
were the difticulties with which the early machinixts 
had to contend, not in the matter of design—although 
everything had to he done in this de swovo, from the 
civeumstunces in which they were placed demanding 
work of an entirely novel deseription—butl in the 
matter of construction, And we may report that it 
would be diflicult to overestimate the value of the 
lexsons Which could have been learned from a record 
of what our ewly machinists had to do in over- 
coming the dilliculties of construction. Unfortunately, 
such a record doex not exist in anything like a 
complete condition: so far from complete that we 
have but an entry here and there, and even then 
with details of the briefest and most fragmentary 
kind. Even in the case of Watt, the father of 
modern powor-muchinery, we have details so few 
and far between that it is only by reading between 
the lines, ag it were, of such scanty records as are 
left us, that we can guess at the difficulties he had 
to encounter to give to his marvellous inventions a 
working value. But although guess-work be all, or 
nearly all, that we have to full back upon, we hive 
enough to guide us to some accurate conception of what 
our predecessors in the mechanical world had to do, 
the diticulties they had to contend with. 
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65. The Condition of Pulley Surfaces. 
In notes in preceding parts of the Journal we gave 
a variety of information on certain points, as thoso 
bearing upon the strains to which belts or straps are 
subjected when being passed round pulleys in the best 
position in which the belt could be placed so that thoir 
strength to resist those strains would be best given 
out-—-that strength being different on the two sides or 
surfaces of the leather. We have shown that the 
grain side of the belt is, or should always be, put to 
the pulley, as it is the denser, more compact, and 
smoother of the two sides of the leather. We have 
also drawn attention to the form or section of the 
rim, or part of the pulley gripped by the belt, and 
how that affects its actual working; and we stated 
the reason why this was necessary to be given to it. 
In that note we stated the way in which the motion 
of the belt was due to the adhesion between its 
surface and that of the pulley. We have said that 
those who have a piietien] acquaintance with belt 
gearing know but too well all the annoying losses of 
time and temper arising from the “slipping of the 
belt,” or rather, to put it more correctly, the slipping 
round of the pulley failing to catch or grip the belt. 
The surfaco of pulleys, that is of the rim or lvop, is, 
in order to bring it to the right form and exact dia- 
meter, finished or turned in the latho till a uniform 
and a smooth surface is obtained. This is just so 
much in favour of the slipping of the belt; and to 
prevent this » number of methods have been intro- 
duced into practice. Before proceeding to describe 
them, it will be useful to glance at some of the puints 
involved in the slipping itself. Some machinists think 
little of this slipping, and by employing the most 
commonly adopted means of preventing it when it 
interferes with the steady working of their machines, 
think they have done all that is necessary or which 
can be done. But there is more involved in the point 
than this. For while an actual loss of power is created 
by the slipping per se, the meuns used to prevent it 
may and often do bring into existence other evils 
which not seldom eventually entail considerable loss. 
The slipping of the belt in too many cases is but too 
upparent, being so decided that to keep the machinery 
in motion—a stoppage heing inconvenient and Jikely 
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to cause loss or daiwnge—expedicnts are compelled to 
be resorted to which do often considerable mischief, 
But slipping in many cases is not so obvious—indeed, 
it is sometimes somewhat diffeult to ascertain that it 
exists—and yet it may be existing, and if so a cortuin, 
often a great, loss of power will be the result, This 
difficulty in observing or making cloar the slipping 
is just all the greater the more accurately the tension 
of the belt and the arrangement of the set of pulleys 
is secured, Still if the space passed through by the 
pulley surfaces during a given time be carefully 
reckoned, and also that passed through by the belt, 
it will very likely be found that the speed of the 
belt on the number of feet it has passed through is 
legs than that of the pulleys. We are here supposing 
the case of two pulleys of equal diameter. But in 
other cases there may be this difference between the 
speeds: that of the belt being less than the speed 
due to it under the arrangement; and whenever this 
difference of speed exists it is decisive of the fact that 
the power which it is the purpose of the belt and pulley 
arrangement to transmit through the agency of the 
belt is in excess of the friction or “grip” of the belt 
upon the iron surface of the pulley—or what is the 
suine thing, although conversely perhaps more clearly 
stated, the grip of the pulley being less than that 
required to transmit the power, so much of that 
power is necessurily not used, and of course this is 
equivalent to a loss. It is requisite here, as in all 
caseseof trial or experiment, to take into considerution 
their conditions, For if the speed be great the diiil- 
culty in regard to the grip is legs than when the 
speed is slow; and on the other hand, if the pulleys’ 
rims are large in dinmeter, the conditions are all the 
more favourable to the running without loss of power, 
if for no other reason than that the belt surface in 
contact with that of the pulley is increased, which 
of course increnses its “grip.” In the case of small 
pulleys the surface of the belt in contact with the 
pulley gives small grip or hold, slipping or sliding of 
the pulley within the belt without dragging it round 
being therefore much more likely to take place, and this 
the greater the power to be tranamitted. Hven a 
small difwrence between the velocity of the “ driver” 
and that of the “driven” pulley, when both are of 
equal diameter, amounts to a considerable percentage 
of loss of power. In some cases experimonts have 
proved the loss to be as much as one-fifth of the 
motive power desired to be transmitted, We have 
said that several devices have been and are tried 
to overcome this source of loss through belts slipping. 
And the reader who is new to the subject should 
note that by slipping of the belt is not meant here 
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the slipping aff of the Pod abrevetet fia ' ave prin the 


pulley. | : | 
pros ided for by nicking the periphery at the pailey 
With iovise or mwell in the eentre, 


Thais Wet have stay) In it preceding ne rete ay is 


Bout the slipping 
wg enbalesof the belt here bebig constdeved is 
more corcectly designated the revolving of Che pulley 
within the Joolt, sco that it hams not take a os 
of it, or, whieh is the sane Ching practienlly, docs 
not allow the belt to grip at adthodgh there is a ditter 
ones berween the two conditions of a driver” and 
a driven pulley in this respect, it being the “ driver” 
pulley which grips the helt and dings it round with 
it, while it is the belt, thus moved or dragged, which 
grips the “driven” pulley, causing «@ to revolve, 
Now, when the pulley revolves for any part of its 
periphery without gripping—or, so to ‘uy, seizing 
hold of the belt and dragging it round with it, 
the belt is said to “slip,” although, ay we now see, 
it is the pulley which slips past the belt without 
dragging it. A very common device is to pound 
resin into @ powder more or less fine, and strew a 
little on the inner surface of the lower side of the 
belt. This carries it along till it passes between its 
surface and that of the pulley, The voung reader 
will perceive how this teuds to increase the adhesion 
between the pulley surface and the belt, and enables 
the necessary “grip” to be obtained. But this 
method is only a palliation, and so far from being 
a cure of the evil, it lasts but for a comparatively 
short time etlcient. The resin is so absorbed by the 
leather, and is so acted upon by the running of the 
pulleys, that the inner surface of the belt gets so 
smooth that the slip is worse than before. And if 
the palliative is frequently applied, the resin 
gathers on the surface of the pulley, so that 
lumps here and there are formed on it, to such 
an extent sometimes that we have seen a pulley 
siurtuce so dotted all over with litue lumps or 
hilly of conervted resin that the dinmeter of the 
pulley was considerably altered, being made, so to 
say, larger. in place of resin, pitch is sometimes 
used; but this is worse- certainly a much more 
uncleanly remedy than the resin, Of such adhesive 
compounds the best we have heard of is printer's 
ink; this is said to he thoroughly efficient, although 
we have never tried it. Another great disndvantage 
of the method of incrensing the “grip” of belts by 
the use of resin or pitch is that being absorbed by 
the leather, it seems to have the effect of destroying 
ita integrity, causing the belts to get brittle and 
liable to quick deterioration. We should be in- 
clined to think that the printer's ink, above named, 
would not have this effect upon the leather, but 
rather, if anything, in the direction of improving 
it. Failing these palliatives, or expedients, offi- 
cient only for a time, the method of preventing 
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slips by altering the character of the pulley pur- 
face as bec introduced, and with varying sucvess, 
according to the substance used as a subsiitute 
for the ordinary iron periphery of the pulloy. Of 
these substances wood is one; and we can easily con- 
ceive how this matevial was thought of as a covering 
for pulley surfaces + it is light, clean culting, and easily 
adapted to broad surfaces, and wim have its surface 
roughened, But ready as it is for adaptation, and 
mutch as it hus been used, it hus the great defect. of 
becoming very smooth under the repeated aud von- 
tinued motion of the belt. over its surfuce—so smooth 
that it becomes glazed und polished, and presents, 
though in a different way, the same defect which 
causes and aids slipping of the belt on the smooth 
and ultimately polished surface of an iron hoop or 
rim. And to obviate this, recourse is lad to roughing 
up the wood surface by going against the grain of the 
wood, But though this is effective, it is only so for a 
time, and it possesses this great defect—-that in time, 
the roughing process being again and again repeated, 
the diameter of the pulley becomes less and less. 
And although this does not much matier in gearing 
whero the apeed of the driven pulley and the “driver” 
is not required to be maintained in very precise and 

exact relation, or the transmission of the power 
precisely regulated, still in cuses whore these are 

required to be kept up and maintained in definite 

proportions, it is obvious that the use of wood for 

forming the surfaces of pulleys must be very limited ; 

and this limitation is still further increased by the 

fact that it can only be employed in the case of 

large pulleys; the difficulty of fixing it to sinall 

ones being practically so great that they ure quite 

excluded from consideration. 

In presence of the difficulties of employing the 
methods now named it is satisfactory to know that a 
material much more easily adapted to pulley surfuces 
than wood is obtained in leather. The grip, or the 
coclticient of friction of leuther upou leather ik much 
greater and higher than that of leather npou iron, in 
the proportion of 1} to 2, or 1°25 to 0:25- which gives 
five times the grip when leather running upon leather 
is used as compared with that, ux in ordinary cases, 
where the lenther (belt) rans upon iron. The leather, 
moreover, being #0 lithe, is obviously capable of being 
bent round and easily applied to the Ince of the 
pulley as no building-up or piecing 1s required— for 
many pulleys one length, giving one joint, being 
applicable. The application of the leather length is 
very simple, the glue used to attach it to the surface 
of the iron being easily prepared, it being of the 
same kind so largely employed in cotton factories 
for covering the rollers of spinning machines. The 
surface of the leather on its pulley side may be kept 
rough, which also greatly increases the grin, hy simnly 
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using any salt solution, orasolution of alum. Another 
great advantuge of this leather-covered pulley system 
is that the deterioration of the leather itself is not 
cauxed by it, which is the case in long running of a 
belt running on iron pulley surfaces. In provess of 
time small particles of iron ura rubbed off by the 
belt, and these get worked gradually into its interior ; 
and the iron, with the tunnie acidand fatty or greasy 
acids present in the belt, set up chemical action, which 
has a powerful deteriorating nection upon it. Still 
further, an advantnge obtained by the use of leather 
covering to the pulley is this, —thiut the grip being 
greater than in the ordinary surface, the belts cum be 
run much slacker than when the ordinary method is 
aimployed. This of itself is a very great saving of 
the belt, as the tight working so often required is not 
necessury, aud the lower the degree of tension placed 
upon the fibres of the lenther the longer will the helt: 
lust, We could cite several instances where by the 
wdoption of the leather-covered pulleys much amore 
regular vunnuing of machinery has been obtained, and 
by consequence a higher quality in the work dono. 
It is not always easy to estimate the precise gain 
obinined, or the working value of un improved method 
of working; but a lurge number of experimeuts 
would xeem to put that of lenther-covered pulleys 
compared with ordinary surface pulleys at) 33) per 
cent. We have by no means exhausted all the points 
connected with the subject of the pulley in belt 
gearing, so that we shall return to it in a future note, 
66, “ Harmony in Colour.” 

An enthusiastic musician was onee deseanting on 
the “beauty of discords,” n phrase which to the 
listener, who made no pretensions to a knowledge of 
the intricacies of musical science, seemed to be but 
a contradiction in terms, somewhat equivalent in 
truthfulness to what we might call the harmony of 
inharmonious sounds, Be this as it may, it may be 
safely remarked thut there is no such thing in the 
colouring of Nature as dixcords. No mater what may 
be the variety of colours she displays, no matter how 
striking, and even, as in many casos—especinlly in 
tropical countries, as for example in the forests of 
South America~-startling the contrasts she offors for 
our inspection, she nover offends; in everything there 
is that exquisite balunce to which we can give no 
more expressive nime than that of harmony. And 
of how much in the way of variety of colours, of tone 
and tint, Nature throws abroad with lavish and loving 
hand, even in such a limited surface as a moderate- 
sized, weather-henten, moss-stained, lichen-lined rock, 
or a patch of seaweed, or, for the matter of that, in 
a yard or two of & much-dospised hedgerow bottom 
in country lane or field, it is given, and only, to 
observant lovers of nature to know, The failure to 
hit upon a like harmony of colour in ornamental 
decorative work is the cause of so many “ designs,” 
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which muy be otherwise good in conception as to 
form, and even arrangement of parts, turning out, not 
meroly negatively bad, but positively painfu', To the 
educated eye which can oxplain the reason why of such 
failures, they are highly offensive, and even to those 
who are not trained in this direction, while they 
cannot explain how it is, they are nevertheless 
fully alive to the unploasant effeet produced by their 
inkpection of such defective work. What may be 
euled the theory of colour in its technical or educa- 
tional sense the reader will find explained and illus- 
trated by coloured exnmples, which ean alone convey 
what is meunt, in the paper in the text under the 
title of “ Form and Colour as applied to Tndustrial 
Decoration.” Meanwhile, the object of the present 
note will be served if wo give hero a few “ contrasts 
in colour,” as formulated by an authority on this 
department of industrial art design, which will give 
that harmonious arrangement whieh, os he well 
observes, is to the eve like a “sweet chord of music 
to the sense” :—(1) Bluck and warm green ; (2) black 
and warin brown ; (8) blue (deep) and golden brown ; 
(4) bluo (deep) and pink ; (5) blue (deep) and maroon ; 
(6) blue (bright) and chocolate; (7) green (warm) 
und maroon ; (8) green (pen) and chovolate ; (9) green 
(pale) and violet ; (10) red (deep) and grey ; (11) butt 
and claret: (12) rose (light( and violet. (See notes and 
ustrations on what are called the “complementary 
colours” in the paper in the text list referred to.) 
57, Tho Preservation of Iron Surfaces. 

The great rendiness with which the surface of iron 
becomes coated with “rust,” and the strength aud 
beauty of iron structures diminished, rendors it a nuuter 
well worthy of thorough investigation to devise somo 
plan of muking iron proof agninst oxygenation, The 
most usuiul method adopted is to cover the entire 
surfuce of the metal with some such puint as red 
lead, so as to exeludo entirely the atmosphere and 
water with their oxidising action. The great objection 
to this expedient is that the paint itself, whatever it 
may be, is not lasting; sooner or later it is acted 
upon by air and moisture, and comes off. ‘The result 
is that the paint has to be renewed periodically, and 
this means trouble and expense. Another method for 
protecting iron from the action of air and water is to 
coat it with some other metal of a less oxidisable 
nature than iron: zinc and tin are the metuls usually 
employed ; the latter forms “ galvanised iron,” and 
the former “tin plate.” Although this plan is in 
many respects preferable to that of paint, the great 
defect about it is that neither zinc nor tin are very 
durable metnls; besides, they cannot be used very 
extensively, and when galvanisod plate iron requires 
to be’ cut—+.e, after being galvanised—the edges 
present the unprotected metal. The Barff (better 
known now as the Bower-Barff) process of treating 
iron to render it rustleas is free from ench of these 
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objections, and is now extensively employed. In a 
future “note” we shall treat this important subject 
at some length. 
58. Steel Making by the Basico Open-Hearth Process. 

Those of our readers interested in steel manufacture 
will be aware of the difficulty of obtaining soft or 
mild steel of great purity by the ordinary Bessemer or 
“acid” process, or by the Siemens or Siemens-Murtin 
process; ospecinily is this true in the case of using 
certain pig irons containing much phosphorus. The 
reader interested in the subject, but notacyuainted with 
the principles upon which these processes are carried 
out—and the ‘ basic” process of Messrs. Thomas and 
Gilchrist, which promises greatly to walter, as is the 
opinion of some to revolutionise, certain departments 
of theiron and steel trade—will find full informution 
respecting them in the papers in the text entitled 
respectively the “Tron ” and the “ Steel” Maker. The 
following process has recently been tried by the Furnley 
Iron Company, near Leeds, and with satisfactory 
restlts. The furnace was prepared for the process in 
the following manner. The lime basin of the furnace 
was first Inid with good magnesia bricks, carefully 
made for the purpose from mngnesite, containing 98 
per vent, of magnesium carbonate, Above these were 
built a layer of bauxite bricks, specially made from 
bauxite containing 15 per cent. silica, 82 per cent. 
alumina, 1 per cent. lime, and 2 percent. ferric oxide. 
On the top of the bauxite bricks were luid the silica 
bricky, The furnace was provided with an arrange- 
ment whereby the slag, frequently containing a portion 
of the phosphorus contnined in the charge, formed 
during the early stages of the process, could be 
revdily ramoved. When the furnuce was ready for the 
charge » quantity of well burnt lime, equal to about 
one-twentieth to one-tenth part of the weight of the 
pig iron, was laid on the bottom of the furnnce. The 
pig iron was then added, and ivon or steel scraps 
charged on the top of the pig. After some four hours’ 
combustion the slag was tapped off; in six hours the 
entire charge had melted, and more slag was taken 
off. When tho mass was nt this stage of the process 
too Auid, some lime was added; and an addition of ore 
was mude when the quantity of xerap iron or steel in 
the charge was small. The fluid being now sampled 
and found satisfactory, the slag was removed and about 
6 per cent. of hematite pig added, which had, as 
soon as melted, the effoot of causing the metal in the 
bath to boil for about fifteen minutes, This ebullition 
thoroughly agitated the fluid, and a further eliminn- 
tion of phosphorus took place. When half an hour 
had elupsed a further quantity of slag was removed 
—in fuct, all the slag now collected was taken out, 
except us much as served to cover the top und protect 
the molten metal from chilling when ladling into the 
casting moulds,. The furnsce being emptied of its 

Vou th 
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contents, the small quantity of slag which reached 
the bottom was removed, and the bottom repaired 
with magnesia-lime, The xoft steel obtained in the 
Fuarnley lron Company trials was of very tine quulity, 
and the process promises to be n success. 

59. Economy in Fuel Consumption in Industrial Processes, 

Coal may be used as fuel in three different forms .-- 
namely, in the raw state asx cowl, as coke, and os yas. 
Kach has its advantages; but of the three forms the 
first, ¢¢. in the raw state, is the most expensive nnd 
wasteful, because nll the volutile constituents of the _ 
fuel, und therefore the most valuable part, are alinost 
entirely lost, being allowed to exenpe with the smoke— 
which lntter must also be considered as waste, as smoke 
cohnists lurgely of unburnt coal or soot, Not only 
when raw conl is employed directly as fuel ure most 


_ of the volitile constituents lost, but also in the manu- 


facture of coke by houting coal, the gases thereby 
evolved are, strangely unscientitic ns it ix, allowed to 
escape. Ax at the present time about eighty millions 
of tons of raw con) are consumed jn this country, 
three-quarters of which might have its volatile con- 
atitnents saved, it ix calculated that over £17,250,000 
represents the commercial value of the volatile con- 
stituents wasted. Tkecent research has done much 
towards saving this cnormous national waste. When 
coal is distilled the residue in the retort is almost pure 
carbon or coke; this form of fuel being specially 
manufactured for use in the iron and other industries, 
for which it is better suited than raw eoul, Now, 
except in n few instances where modern processes of 
recovery have been ndopted, the volutile constituents 
of the whole of the 20,000,000 tons of coal annually 
coked in this country are allowed to escape into the 
air. Severul processes, more or Test successful, have 
been adopted for the recovery of the whole of these 
valuable products ; chiefly by the use of close ovens in 
coking. We need only refer here to the exceodingly 
simple method generally known as the Jameson process, 
which may be adopted without replucing the old coking 
ovens, but simply slightly ultering them --tho altera- 
tions costing from £15 to £20 per oven. In the floor 
of the common coke oven ure insertol two perforated 
iron pipes connected with an exhauster, or the briek 
floors of the coke ovens themselves are perforated, 
and the perforations connected with an exhauster, for 
applying a slizht suction. When suction is applied 
through the main pipe connected with these perfora- 
tions, the gasos and volatile constituents given off 
from the coal during coking are continually but gently 
drawn off at the moment they are evolved. The 
drawn-off gases now pass through the main into a 
condenser, which consists simply of a series of cust- 
iron pipes exposed to the cooling action either of 
water or of the atmosphere, and the pipes in some 
ca ex provided internally with a stream of Beek water 
at 
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for washing the guses, The gases alter passing 
through these condeusers, being now free from their 
condensable constituents, pass through the chamber 
containing the revolving fan or exhauster, and may 
be daid away and used either for generating the steum 
used in working the fan, or be applied to ay othern 
purpose desired, The liquid) obtained from the 
condensers is rin into tanks and allowed to stand for 
some time, to allow the erude oil and amanoniacal 
liquor toarrange themselves into two distinct liquors, 
“whence they may be separated, Ina fature “note” 
we will further treat this subject. 
60, Faota and Figures connected with Ventilation of Rooms. 
(a) Tho number of inspirations and respirations, 
or “breaths ” as they are popularly called, may be 
estimated at twenty per minute us a maximum, wt 
sixteen asa minimum. (0) The volume or quantity 
expolled at euch rospiration from the Jungs may be 
taken as forty cubic inches for a maximum, and 
thirty ag n minimum. As it is sufer to give a wide 
margin in practice, the maximum volume may be 
tuken which gives twenty-cight cubic feet of air ex- 
pelled from the lungs per hour. This would require 
a like volume of fresh or pure air to tuke its place, 
(c) Pure or fresh air, as it is generally called, con- 
sists of oxygen, which is equa] to one-fifth of any 
given volume, and of nitrogen, which oceupies the 
remaining four-fifths of the volume—less some ‘04 
per cent, of carbonic acid. On being expelled from 
the lungs, the chemical changes taking place in- 
crease the amount of carbonic acid gas, which our 
readers are aware is a poisonous gas that destroys 
life, to 4:6 per cont. (¢) Of the guxes constituting 
pure or fresh air, inhaled by or drawn into the 
lungs at each inspiration, and which are contained 
in, say the minimum cubie bulk of 488:16 cubic 
inches, it has been calculated that of oxygen there 
is inhaled 97:59 cubic inches; of nitrogen, 890°37, 
and of carbonic acid, 0°19. When exhaled or ex- 
pelled from the lungs—respired--the volumes are 
changed respectively thus: oxygen, 77:19; nitrogen, 
the same; carbonic acid, 20°59. (¢) But the car. 
bonic acid gas formed by the act of breathing is 
not, as in the early days of sanilary science was 
thought, the only cause of the deterioration of sir, 
rendering it unfitted for being breathed over again. 
For along with the air thus vitiated, as above, there 
is a certain amount of moisture oxhaled from tho 
fungs, this amounting to as much ag will saturate 
seven pounds of air at 62° Fahr.; and allowing half 
saturation only to be carried out, this will require 187 
cubic feet of air to be allowed for, which, udded to 
the 28 cubic feet previously stated, taking the 
maximum in (6), gives 215 cubic feet of air, which 
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requires to be changed, in an inhabited room, cach 
hour, (f/f) But in addition to the mere chemical 
Vidiation, 80 called, of the air by breathing, and by 
the moisture which air contains, it curries with it 
orgunie matter of a highly offensive and dangerous 
kind, tending still further to render the air impure. 
(y) Agnin, the air vitiated by gas or candles must 
he allowed for; so that at least 400 cubie feet of air 
per hour must be changed per head, 

61, Data for estimating the Feeding Value of Farm Produce 


for Live Stock, 
While authorities agree that as a genera) rule the 


feeding value of farm produee is indiented by the 
percentage of the constituents named in the column 
marked (1) in the table given below, praetical men 
are well aware that there ave viurious circumstances 
connected not only with the foods themselves on 
which the live stock ave fed, but with the ‘animals 
themselves, und the conditions under which they ure 
kept, which exercise « modifying influence on what 
my be called the theoretical or chemical value of the 
food. While, therefore, the flosh-forming, otherwise 
ealled the ulbtuninous, protein, or nitrogenous con- 
stituenta, are first looked to, in estimating the value 
of uny given food (tho higher the percentage of those, 
the higher--other things being equal—its feeding 
value), still the other constituents must be considered 
as well, also the conditions under which the animals 
are, and how they are fed. What the various points 
to be considered by the cattle feeder, the render will 
find as fully discussed as their importance demands 
in the text in the series of papers entitled “The 
Grazier and Cuttlo Breeder.” The numbers in the 
coluinns in this table now to.be given, noting the 
constituents of that important section of cattle foods 
known as “roots,” indicate us follows: (1) flesh-forming 
or albuminous or nitrogenous constituents; (2) non- 
nitrogenous, sometimes known «us carbonaccous con- 
stituents, heat-giving or ful-producing; (8) water ; 
(4) woody fibro; (5) agh or incombustible constituents, 
—-the first, second, and fourth classes of constituents 
being known as combustible or capable of being 
consumed. 
TADLE SHOWING Foon VaLvr or loos, 


Name of Root. | (1) | (2) (8) | (4) | (5) 
se 

Swedish turnips , ] "44 698) BO4O | Bd 0628 
White Globe da, 114 200 9048 | 108 102 
Mangold wurtael, .| 154 | 860) 87°78 | 1572 | 0:96 
Beat root. . . « «| 10 11400) 81% 1'8 08 
Kohl rabi «we | 16 73 R70) | 1) 10 
Potatocs , b> ce capaho 106 THO 13 org 
Jernsalem artichokes | 2:0 | 18°8 80*() 18 1") 
Carrota .o. 6, a | 15 74 8h =| 17 1“) 
Parenips. . . . «| 16 | 7:24) 883 | 1 OT 
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(18) In Note No, 12, while considering the subject 
of “steam raising,” the “evaporation or boiling of 
water,” we gave a brief glance at the leading physical 
or mechanical characteristics of water, the agont 
by which, in conjunction with heat, the producer 
of fuel combustion (see Note 14), stenm is rnised, 
and which liquid, used os it is in va vast varicty of 
industrial processes in which heat ia employed, gives 
to the boiling or evaporation even a wider interest 
and a more extended practicn] value than if it were 
confined to the department of industrial work known 
as the raising of steam for motive-power purposes. 
The points, however, which we now proceed to place 
before our readers cn the general subject will apply 
equally well to the practico of boiling or evaporating 
in general industrial work, and to steam engine boiler 
practice in the raising of steum. At the end of 
par. 11 we described the operation of boiling as the 
creation of mechanical force or power. To such of 
our young readers as may have a difficulty to reuliso 
at first sight the fact that this is so, more than one 
simple experiment will easily be within their reach to 
give them ocular demonstration of the fuct. Take a 
new and clean tin pan, such as that for boiling eggs 
—it can he bought for a penny at one of those “cheap 
shops” met with nearly everywhere—fill it with cold 
water within a quarter of an inch of the edge; place 
within it a few swall pith balls, or few grains of some 
light-coloured substance which floats easily. Place 
the pan thus prepared on a trivet hooked on to the 
front bar of the grate, so that the heat of the fire 
will strike the inner and one side only of the pan. 
In « few minutes—more or less according tu the heat 
of the fire and the quantity of water in the pan— 
a number of clear, shining, hemispherical globules 
will be seen lining the cleur, shining bottom of the 
tin pan, After a little while the pith balls or floating 
substances will be seen to begin to move, and gradually 
arsume a gyrating or circular muvement round the 
water, approuching the heated side next the fire, and 
as the heat increases repelled from this part, and 
again resuming their circular motion round the water, 
Now, as will be seen from the paper in the text, “The 
Student's Introduction to the Principles of Mechanics,” 
it is an established axiom in physics thut there can 
be no motion without force. Now, that there is 
motion in the water is made clear to the eye by the 
movement of the pith balla; and as there was no 
movement of these when the pan was awny from the 
fire and at rest, for this began only when placed within 


the influence of the firo, it must have been tho heat. 
of the latter which caused tho motion. If the pan 
were withdrawn from the fire, 1s tho water gradually 
cooled the motion would gradually conse, the force 
being withdrawn, While the water in tho pan was 
gradually getting hotter, it would bo noticed that the 
apace it occupied was increased, for it would be 
observed that it had “swelled out” so as noarly to 
fllup the pan. This was duo to # repulsion botwoon 
the particles of the water caused by the heat, while 
the bright, cloar, shining semi-globules at the bottom 
of the pan would be detached from it, rise upwards, 
and, darting to the surface, broak through this as 
bubbles of air. Take now the pan from off the trivet, 
and place it in a hot part of the fire. The heat 
attacking, so to say, the whole surface of tho bottom 
of the pan, and passing up the sides all round, the 
water will bogin to tuko up the incremonta of heat so 
rapidly that ebullition or boiling will commence, with 
a violent agitation of the water; the steam bubbles 
rising rapidly and bursting through the water surface. 
That this ebullition is accompanied with force will be 
made evident if the outer end of the pan handle he 
touched with the finger, a series of shocks being felt. 
And should the pan be very nicely bulanced on the 
couls, the motion induced by the force will be mani- 
fested by the pan vibrating or shaking; and this may 
be so pronounced that one buinp more forcible than 
another may shake it from ity seat. Thoxe “ bumps’ 
or shocks generally accompanying constraine] boiling, 
in which the vapour has difficulty in rising through and 
escaping from the water, are well known to laboratory 
experimenters, and the great object in boiling on the 
large sculo is to make ebullition as froe as possible, so 
that the vapour can escape easily from the water, 
thus avoiding the bumps und shocks, which represent 
just so much loss of economical boiling. Revent dis- 
coveries have explained the true nature of boiling, 
and a theory is based upon them which leads to a 
practice which will revolutionise the art of boiling 
and evaporation, which form so important a part of 
industrial work, not the least valuable department 
being that of steam raising, Whut the new theory is 
will be explained in a succeeding note, preliminary to 
which we have to explain phenomena connected with 
boiling not yet glanced at. 


(19) In a preceding note on “Fuel und its com- 
bustion” we have said that “combustion” simply 
defined is the combination of the oxygon, one of the 
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constituents of the ordinary air or atmosphere, with 
the constituents of the fuel under the influence of 
heat. But the air inust itself be heated to the 
temperature suited for the fuel before the combination 
ix effected and what is called combustion takes place ; 
the temperature for coal heing, on the average, 617° F, 
Many simple experiments will show the influence 
at air heated to a high temperature in promoting 
combustion, and in some instances creating it, ak many 
must have observed that « combustible substance will 
tuke fire and burst into a blaze, through being simply 
expoxed to the influence of air heated to a high 
temperature, It is not therefore necessary, as is 
popularly supposed, that a lighted body—that is, a 
combustible in such active combustion as to produce 
flame—should be employed before another combustible 
ean be set on fire, kindled, or put into a condition of 
combustion. Jt is only a matter of convenience that 
xotting fire to an combustible in tho first instance is 
offectod by means of another combustible in a state 
of flume. And as combustibles, of which there is 
an exceedingly wide range, have different “kindling 
points,” (to coin an expression,) or points at which 
they will start into flame on the application of heat, 
and ax some require but a low temperature, there 
Kubxtaneas are used as kindling materials in order to 
tart the combustion of fuel whieh demands a com- 
paratively high temperate before the combustion of 
oxygen with its constituents will create what is called 
combustion ino more familiar terms, set it on fire, 
The heavier and denser or more solid and heavy the 
natural or normal condition of a camnbustible used 
axon fuel is for on wide range of substances are 
combustible which are not classed as fuels—the more 
diffieult it ix to set on fire. Light) and porous 
combustible substances, presenting large surfaces in 
proportion to their weight, aro therefore used as 
fire kindlers in ordinary werk, and these are met 
with in paper and) small pieces of wood, In the 
kindling of « common kitchen fire all the points 
connectad with fuel and its combustion are familiarly 
ustrated. In this the combustibles are placed in 
the grate in the following order: first’ the paper, 
above this the pieces of wood, and finally as the top 
layer the coala, The paper having a high point or 
order of “ready inflammability,” so te call it, requires 
but, few inerements of heat—sro low a temperature to 
make it combine with the oxygen to create combustion 
that the application for a second or two of a lighted 
match sutlices to xet it on fire. The heat increments 
thus erented are in turn sufficient to raise the tem- 
perature of the wood and oxygen required to set the 
pieces on fire, and this in turn creates a temperature 
sufficiently high to effect the combination between 
the constituents of the coul and the oxygen of the air 
entering the fire.grate tll the coal is at last set fire 
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to. We say “at last,” for the combination requisite 
to create perfect combustion is not immediate, nor 
indeed in prictice even very rapid, Timo in all cases 
is required; the fuel demands, so to say, a kind of 
preparation before good and efficient heat-giving com- 
bustion ix secured——what « high practical authority 
terms a. species of cooking. 


(20) Under the hoad of “ Cements” (sea Nos, 9 and 
10) we give the method of making the celebrated cement 
known ax “white Russian glue.” One hundred parts 
of the finest glue are molted in the same quantity 
of water under the influence of n gentle heat long 
continued rather than of one of greater temperature 
for » shorter time, as this latter would evaporate the 
water before it did its office of melting—ana practical 
point often noplected in the melting or softening of 
glues and gums, ‘Then to the melted glue add five 
or six parts of nitwe acid, known as aquafortis 
popularly ; and when this is added, stir carefully and 
thoroughly into the mixture six parts of powdered 
sulphate of lead. 


(21) Wnder the same head wo give a note on liquid 
glues, These glues aro possessed ¢f this advantage, 
that they do not “set” or harden when they become 
vold ; consequently they cnn be ured at once without 
being heated —a great convenience in working. The 
principle upon which liquid glues are made is the 
employment of some acid liquid, such as mitric acid 
or neetic acid, applied cold; or for the latter strong 
good vinegar, if more conveniently had, may be 
substituted, but this is applied hot in melting the 
glue for tho first time, The office the acid fulfils is 
in dissolving the gelatine in the glue and imparting to 
it the property of remaining in solution, and this with- 
out destroying or even lessening its adhesive or atiek- 
fast quality. Thore are various ways of making liquid 
glue. One is this: A convenient weight of the best 
glue is diss lved under the action of heat in an equal 
weight of strong vinegur; or a less proportion of acetic 
acid or very strong acid, with which many so-called 
vinegars for domestic purposes are made, without, it 
need senrcely be said, however, the fine flavour of 
vinegar made from nialt or fruit, When the glue is 
dissolved, add a fourth part of the weight of the glue 
of spirits of wine, together with a small portion of 
alym crushed into powder, his glue, which is highly 
spoken of, should be kept in closely corked bottles in 
jars, In all cements the basia of which is glue or 
gum arabic the best results can only be obtained by, 
in the first instance, melting the glue or gum under 
the influence of heat gently applied. The melting is 
not only done more quickly, hut its adhesive “ stick- 
fast.” qualities are better developed than when cold 
melting or dissolving is resorted to for the saving of 
trouble, 
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THR ROAD MAKER. 

Bs’ Wonx aw THE LAYING ouT OF Roaps IN RURAL, 
SUBURBAN AND TOWN DISTRICTS, THEIR QCOXSTRUCTION, 
’ REPAIR, AND IN THE CHOICE AND USE OF = VaRIOUS 
MATERIALS EMPLOYED. | 


| CHAPTER IT. 
The Oross Baction or Lateral Form of a Road Surface,—Equal 
Distribution of the Load in a Carriage. 

Arter having determined upon the direction and 
breadth of a road, the next matter for the considera- 
tion of a road maker is the lateral form of the surface 
of the road he is about to construct. In road making, 
an in every other undertaking, of the many modes of 
doing it we see practised, there can but be one right way, 
. All others must of necessity be wrong, a8 there can be 
only one way of securing perfection, if that be ever at- 
tained, A road cannot be too flat and level in the lateral 
form of its surface, for the reasons about to be adduced, 
It is only upon a surface that is laterally flat and level 
that wheel-carriages can sustain an equal portion of 
the load on the wheele on each side; and hence it is 
that the sides of roads of considerable lateral convexity 
of surface are as much as possible avoided, and the 
crown of the convexity being the only part of the 
surface on which the wheels can have an equal 
bearing on each gide, it is there that a road is exposed 
to undue traffic, and is soonest worn, 

Stability of Loaded Carriages affected by the Cross Section 
or Lateral Surfaces of Roads,-—Oonditions favourable to 
an Overturn. 

The centre of gravity, or point of concentration 
of the weight of a carriage and its load, is displaced 
an equal distance from each side when the carriage 
is travelling upon a laterally inclined surface; and 
hence the tendency of the carriage to overturn to the 
lower side. The danger is increased first by the greater 
the velocity of the motion of the carriage; second, by the 
greater the height of the centre of gravity of the load 
from the ground; third, by the smaller the distance 
between the bearing of the wheels; and fourth, by the 
actual shifting of a loose load to the lower side. A 
vehicle at rest containing a solid mass, as a single 
block of stone or metal, the carriage being perfectly 
hard in its construction, and having a wide bearing 
between its wheels on each side, may stand, it is true, 
upon a very considerable lateral declivity without 
danger of overturning. But let the carriage be elastic 
in ita construction, have considerable velocity of motion 
with a loose or shifting load, then ita going across 
a very trifling declivity will be attended with danger 
of its overturning; and the danger will be increased 
with every increase of the conditions above mentioned 
as favourable to an overturn, or as it may otherwise be 
put, unfavourable to stability. 

In a body at rest upon an inclined plane, so long as 
# Vertical line passing through ite centre of gravity 

VoL, 1. 


meets the surface of the plane within the base of the 


body, the body will not. fall over without some force 
being exerted against it. When the vertical line 
passing through the centre of gravity meets the plane: 
at the extremity of the base of the body, the body 
will then be in equilibrio between standing and falling. 
And when the vertical line passing throngh the centre 
of gravity meets the plane beyond the base of the 
body, the body cannot stand, but will fall over with- 
out any force being exerted against it to overturn it, 
The degree of lateral declivity on which carriages 
may stand at rest, or even move at a moderate 
velocity with safety, may be calculated with accuracy 
by a rule which will be hereafter given; but in the case 
of carriages moving at a great speed, and under the 
other conditions already named as being favourable to 
an overturn, it is difficult, from the uncertain nature 
of the causes, to make due allowance for their influence 
as regards unsafety. It is, therefore, most important 
that great lateral convexity in the form of roude should 
be scrupulously avoided. (For the various points con- 
nected with the “centre of gravity” and the stability 
of structures, the reader is referred to the papers 
given under the head of “The Technical Workman 
as © Student of the Principles of Mechanics.”) 
Flat and Round or Convex Surface Roads. 

Notwithstanding the cogent, and at the same time 
obvious reasons adduced for the lateral form of the 
surface of roads being flat, yet an unnecessary and 
dangerous convexity seems to be the general rule in 
road making. The only reason of any degree of 
plausibility advanced for the practice ix that this con- 
vexity keeps tho surface dry, and thereby the better 
keeps the road longer in repair. If, however, the 
water which renders the roads wet were clean, a very 
trifling degree of convexity would be sufficient to ullow 
it to run off a road. But it happens that the cause 
of wetness of ronds, in most cases, is thick mud, in 
which scarcely any degree of practicable convexity will 
produce motion. So far from the end expected being 
attained, the means taken is, perhaps, of all others 
that might be adopted, not only the least likely to be 
successful, but most caleulated to defeat the purpose 
intended. 


'W2 By reason of great convexity in the lateral form 


of surface of a road, an undue portion of the traffic 
upon it is brought on to its crown for the reason 
above stated, by which that portion of the breadth 
is rapidly worn into longitudinal ruts for holding 
water, to the utter destruction of the road, When 
traffic comes on to the sides of a road the injury 
is always much more extensive on an inclined plane 
than on a level surface with the same amount of 
traffic, from an undue portion of the loads being 
thrown on the wheels on one side of the vehicles, 
instead of the whole load being equally distributed 
28 
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on the wheels on both sides, ad the whole of the 


tratlic being distributed over: the whole breadth of ' 


the road, which it would be were the surface laterally 
‘level, 

No tenable reason whatever can be adduced for any 
road having a greater convexity than a rise of six 
inches at the crown in a breadth of thirty feet, giving 
the sides a gradient of 1 in 80; and so in proportion 
for uny other breadth. This would be sufficient to 
prevent a road from wearing hollow, and not so great 
as to be the occasion of the evils pointed out ; amongst 
which the danger arising from over-convexity is s0 

great and of such importance, that no advantage— 
either real or imaginary—can compensate for this 
form, if used. 

To find the point on a laterally-inclined form of 
road, at which a vertical line passing through the 
centre of gravity of a loaded carriage will meet the 
surfuce,—Divide the height of the centre of gravity 
from the surface of the road by the gradient, or 
distance requiied for a height of 1 of the incline, 
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Fig. 2. 


and the quotient will be the distance from the mid- 
distance between the wheels on each side of the 
carriage to the point at which the vertical line passing 
through the centre of gravity will meet the surface 
of the road. 

The foregoing rule of computation will be better 
understood by inspection of the diagram above, repre- 
senting the transverse section of a 
nn incline of the lateral form of the surface of a 
road, in which a 6, fig. 2, is the horizon, ac the incline 
of the surface, d and ¢ the wheels at each side of the 
carriage, J the mid-distance between the wheels, g the 
centre of gravity of the carriage and its load, / g 
the height of the centre of gravity above the surface 
of the road, g 4 the vertical line passing through the 
centre of gravity, 4 the point at which such line 
meets the incline of the surface of the road, and 4 
ite distance from the mid-distance between the wheels, 

Whilst A. / is less than / d, the carriage, whilst 
at rest or moving with a moderate velocity, will not’ 
overturn without some force being exerted against it ; 


loaded carriage on 
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will be the force required to upset the carriage. 


The Portion of the Load borne by the Wheels on either side of: 
® Carriage travelling on a Laterally-inclined Road | 

is reciprocally as the distances d A and he, and may 
be found by multiplying the whole load by the: 
distance Ae, the product of which divided by the: 
distance de, the quotient will be the portion of 
the load sustained by the lower wheel d, and the: 
remainder on the weight sustained by the wheel d’ 
subtracted from the whole load will be the weight 
borne on the wheel ¢ on the higher level of the incline.. 
The following are examples of the above :— 

Required the distance from mid-distance between. 
the wheels of a carriage, the height of the centre of 
gravity of which and its load is 6 feet from the surface: 
of a road inclined Jaterally at the rate of 1 in 9, that 
a vertical line passing through the centre of gravity 
will meet the surface of the road. 

The quotient of 6 feet, the height of the centre of’ 
gravity, divided by 9, the gradient of the incline of 
the road, is ‘6’ or 8 inches, the distance from the mid- 
distance between the wheels towards the wheel on the: 
lower level of the incline, 

What portion of a load of 30 owt., including the: 
weight of a cart, will the wheel on the lower level of 
incline of the gradient as in the last example have to 
sustain, the distance between the wheels being 4 feet 
6 inches, and the height of the centre of gravity 
being 6 feet? 

Half of 4 feet 6 inches ig 2 feet 3 inches, the sum 
of which added to 8 inches, the result of the last. 
example, and which is the distance ¢ h, fig. 2, is 2 feet 
ll inches. The product, 30 cwt., multiplied by 2 feet. 
11 inches, or 2°916’, is 87°5, and this divided by 4 feet 
6 inches, or 4°5, is 17:2 cwt., the portion of the load 
borne by the wheel on the lower level of the incline, 
leaving 12-7 cwt. to be sustained by the wheel on the- 
higher level of the incline. 


The Construction of Roads ; their Proper Form or Cross Seotion. | 


When treating of the proper lateral form of the- 
surface of a road when finished, the necessity of such 
eurface being nearly flat was pointed out; and it was. 
atated that a rice of six inches at the crown of a road: 
thirty feet in breadth would-be amply sufficient to 
prevent its becoming hollow, and that no danger would 
arise from such convexity, But as it may be necestary’ 
forthe covering of a road to be somewhat stronger in 
the middle than at the sides, the form of the surfaces 
of the soil should not have quite the same amount of 
convexity as the road when completed with its covering.. 
A convexity produced by a rise of four and a half inches. 
at the crown, for a road thirty feet in breadth, will 
therefore be sufficient previous to the oe being: | 
upon it. 
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THE FARMER AS A TECHNICAL WORKMAN. 


Hs Toons, IMPLEMENTS, MACHINES. AND MATERIALS. 
—THE PRINCIPLES OF HIS WORE IN ITs VARIOUS 
DaPARTMENTS, ; 





CHAPTER II, 
Wx concluded the preceding chapter by stating that 
to aid the farm labourer to rise in the exercise of his 
calling to steadily improving positions, every social 
and educational help was placed within his reach. 
And this may be said with all confidence; for facta 
go to prove it, no matter what assertions which are 
not facts may be brought forward to the contrary. 
But on this point we feel assured that our readers 
will be at one with us, In concluding these intro- 
ductory remarks, which are intended to convey, as we 
believe they do, truths and principles of action of prac- 
tical value to our readera, we trust that in what we 
are to present to them bearing on essential points— 
the technical work of farming,—they will find some- 
thing which, applied to the work of its daily life, will 
tend somewhat to help them in securing ita success. 
Brief Glance at the Special Features of Farming—tIts Relation 

to General Aolence. 

Before entering into a duly arranged and detailed 
statement of the various points of the subject, we 
ahall, as introductory to this and as tending to show 
the relationship subsisting between the various de- 
partments of farming, take a brief glance at the 
‘subject asa whole, In this glance or general résumé 
we shall frequently use the term “science,” the science 
of agriculture or of farming ; and this more on the 
seore of convenience, seeing that it has become an 
established phrase, than from the fact that it sets aside 
the expression “technical work,” which we have 
hitherto used. It does not set it aside; it on the 
contrary rather endorses or enforces it; for tracing 
terms to their source, and arriving at the ultimate 
result, we find that to be—what it has been defined 
in the papers on “The Workman as a Technical 
Student” to be—work, technical work, to be done, 
showing that our title in no sense degrades farming as 
a work to be done. In so far separating, as some may 
think it does separate it, from what claima to be a 
science, we have had occasion to remark that if the 
practical work of farming is distinguished by any one 
thing in particular, it is eo from the intimate rela- 
tion which science bears to it, It may indeed be said 
with perfect truth that there exists no branch of 
those industries which have contributed, and till 
contribute, so much to the well-being and the social 
prosperity of the people, which has received greater 
aid from a number of sciences than has farming, So 
marked, indeed, has this been during at least the last 
half-century, and eo decided in character has been the 
connection between the farm and the study of the 
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scientific man, that farming can lay a most certain claim 
to be considered a science as well as art, using here the 
popular term, and as carrying the popular acoeptation 
—« calling in which something must be known aa well 
as that which has to be done; daily displaying some 
new developments, and adding, and likely more and 
more to add, to the material resources of the nation in 
the all-important, because essential, department of the 
production of foods of various kinds, It is not that 
this marvellous improvement has taken place because 
the principles of the art have been changed ; these, 
being founded on natural laws which are unvarying in 
their operation, are not found to vary themselves. It 
is rather in the application of new methods of working, 
and in the adaptation of a wide range of mechanical 
appliances and materials, which no one thought at one 
time at all applicable to on art that for eo long was 
considered independent of all such aids as farming was 
deemed to be. To trace the causes which brought 
about the peculiar circumstances in the material 
aspects of farming that made these new appliances of 
value, or of their being so modified as to give them a, 
chance of being easily applied ; to point out the mori- 
fying influences of soil, climate, and locality, and to 
show how those necessitated a difference in one place 
from the practice which characterised that of another 
—a difference which has greatly puzzled many not 
acquainted with the inner developments of farming-~ 
and to show how one improvement in the cultural 
department necessitated and brought about a change 
or improvement in the muterials and appliances by 
which this department was aided; and lastly, to place 
before the reader a fairly exhaustive and assuredly a 
trustworthy photograph—if such a term be allowable, 
—showing the latest stage at which farming has 
arrived, ig the task we have set before us, and is the 
theme which will occupy these pages of the present 
series of chapters, 

In proceeding with our remarks, it will be easential 
for those of our readers who are here assumed to have 
but little knowledge of the subject, to point out one 
feature which distinguishes it from nearly every other 
art or science which makes up that wide work of 
farming which we have already referred to, adding so 
largely to the material worth and social influence of 
our country, The point here alluded to is one very 
frequently overlooked by practical men connected with 
farming, so thet those not immediately concerned in 
it may well be excused for ignorance of it. It may be 
simply stated thus. 

Farming not # Fixed Science—Practice Modified by Various 
Circumstances, such as Varietios of Golls. 

Farming is not a fixed science, with its elements 
influenced by and subjected to a law, or set of laws, 
unvarying in their operation, which can be calculated 
on, and from which certain results of given processes 
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can be predicted with more or lees distinctive accuracy, 


On the contrary, farming—or agriculture, to use the 
more popular and perhaps more elegant term—is a 
acience which deals with materials of an exceedingly 
varied and constantly varying kind, and which are, 
subjected to and influenced by elements which them- 
selves possess the same characteristics of doubt and 
uncertainty. To use a mathematical phrase, farming 
as a science has very frequently to “deal with unknown 
quantities.” She has not only to deal, for example, 
with certain substances, as seeds and manures, which 
under certain conditions yield certain results, but 
which under other conditions and circumstances yield 
results of a totally different character. And those 
substances, moreover, are frequently placed in con- 
junction with other substances, which themselves have 
their like varying characteristica, and are possessed of 
like influences; and the conjunction of those differing 
and different substances brings about certain results 
which differ or may differ materially from those 
brought about when one set only of substances is 
used in the like conditions, Again, the farmer, as in 
the case of the feeding and rearing of animals, has 
to do with life; and the peculiarities of this—which, 
as they vary with humanity, vary sulso in animals— 
and the way in which these peculiarities act with and 
upon and counteract the influence of foods— qua, or 
as foods only—give rise to the most complicated 
probleme, which are not all aa yet, if indeed 
they ever may be, solved. The very soil in which 
the farmer works varies so much, not merely showing 
different characteristics—as for example physical or 
mechanical—in different districts; but in the same 
districts, where uniformity in the -soil might pre- 
sumably be fairly expected, this uniformity is not to 
be met with. But more and still more puzzling in its 
effects to the farmer who has to deal with them, the 
soil even in the same field is not always uniform in ita 
constituents,—far indeed from that. The practical 
outcome, then, of this particular condition of matters is 
that different soils demand different styles of treat- 
ment or methods of working, and these in turn differ- 
ences in the detaila, if not in the principles—although 
sometimes even in these—of construction of the 
mechanical appliances used, and this often to such an 
extent that a much wider variety of them is required 
than would on first thoughts be deemed necessary, 
Changing and Pussling Circumstances connected with Soils, 
Manures, and Seeds, as modifying the Practice and in- 
fuencing the Results of Farming. 

But this variety in‘the methods of working the 
soil and in the appliances used in connection with 
them is not the only point which makes the practice 
of agriculture so markedly different from other 
branches of industry. There are other points still to 
be noticed. The soils, as we have seen, differing 
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in constitution, not only demand different ‘modes of 


' mechanical treatment in order to prepare them for 


the reception of the seed and its after fructification, | 


but those differences bring about effects which are 


at all times more or less troublesome, and, from the: 
uncertainty connected with them, a variety of circum- 
stances which are often extremely puzzling to the 
farmer, disabling him, so to say,.from judging of 
the actual results of his operations. Thus, take the 
application of manures to land, to which we have 
already made the briefest of references. Presuming 
that the soil has been analysed and its constituents 
known—-what it contains of those fertilising or other- 
Wise, and in what it is deficient ; and further, that, the 
like knowledge is had of the seeds to be sown, their 
constituents, and what of the soil they withdraw 
from it, and how much of these,—one might fairly 
predicate that all these elements being known, certain 
results would be obtained. But while upon the whole 
certain manurial agents are known to produce 
certain cultural effects, these effects are exceedingly 
various in characteristics and proportions. Nay, 
more: the manure which upon the same soil, with 
the same seed, and—as far as human labour can be 
said to be at all times uniform, depending as it does 
upon the varying capabilities and determination of an 
individual]—with the same kind of labour and treat- 
ment bestowed upon it, gives in one season certain 
results, does not in another give these in anything 
like the same proportion. But further, and still more 
puzzling and difficult to be accounted for, the results 
of one season are almost precisely opposite to those 
of another, although the circumstances of both have 
been, as far as one could judge, precisely of the same 
kind, And in addition to those circumstances con- 
nected with soils and seeds, and the action of manures 
upon both, there comes into pluy the operation of 
climate, locality, as regards exposure to certain winds, 
drought, or excess of moisture, and the like,—all of 
which, acting in ways for which if there be laws we 
know little or nothing of them, tend still further to 
throw round all agricultural operations such elementa 
of doubt and uncertainty that the result of any 
experiment, or of the working of one season, cannot 
be positively accepted as a guide toor an index of what 
will be the result of those of another. That they 
are often taken to be such is true enough, but just so 
often as they are thoughtlessly taken to be guides— 
or what may be termed rules or laws—just so often 
is disappointment at results likely to arise. And, 
indeed, it ia forgetfulness of the circumstances we 
have now alluded to which brings not merely dis- 
appointment to many farmers, with all their concur- 
rent losses, but tends moreover to bring the whole 
work of farming into disrepute with the general 
public as a mere collection of confused risks, 
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3 | * ‘THE STEEL MAKER. 
‘HE Deratns oF His Work—THE PRINCIPLES OF [TS 


PROCESSES—THE QUALITIES AND CHABRACTERIGTICS OF 
ITs Propvcte, 


OHAPTER II. 

efinition of the Term ‘Steel ’’—Practical Importance of 

Abourate Definitions of Technical Materials and Work 

(continued). 

.T the conclusion of the last chapter we stated 
ander this head that the new metal was introduced 
‘o the trade as “steel.” It may indeed be said with 
verfect accuracy, that had the new product been 
ntroduced to the trade by some other name, it would 
aave taken a quicker hold of the mechanical mind. 
What that other name, in the opinions of scientific 
nen, should have been, we shall hereafter briefly 
vlance at, Let not the reader suppose that the mere 
name is a matter of no practical importance. On the 
contrary, a distinct name is essential for practical 
purposes, and for merely scientific purposes precise 
definition is no less so. We do not go into this further 
here, then, than by simply stating what is given by 
one authority engaged daily in the extensive manu- 
facture of the new metal, and who also knows 
practically its uses, and who says that ‘the application 
of the term ‘steel’ to the newer classes of this metal 
was indeed unfortunate so far as makera were con- 
cerned, and has contributed not a little to the many 
difficulties they have experienced in the conduct of 
their business,” and what haa offered difficulties to the 
makers has also—although different in degree and 
kind—offered them to the users of the metals, It 
may be aaid that a definition of the new steel has 
been arrived atone, moreover, which is by fhe consent 
of many engineers and mechanics accepted as correct. 
And it is also a simple one, the name meaning a metal, 
an élloy of iron which can be cast or moulded into a 
form to which the name of ingot is attached ; this 
alloy or metal being malleable and capable of being 
rolled, hammered, or pressed into any shape or size 
desired. More restricted in terms, steel is defined 
to be that alloy of iron produced in a fused state by 
the “ Bessemer ” or “‘open-hearth” process of manu- 
facture. But this apparently only removes the 
difficulty to a farther though more precise point than 
that hitherto arrived at; it does not get rid of it. 
We say apparently, for although quite ready to grant 
that this new product of new methods of manufacture 
is a new metal—-which, indeed, even if they had a 
mind to, they cannot well deny—not a few of our 
most practical men are by no means disposed to admit 
that, although it is a new metal, it is steel. 

What is Stee] !—Varions Practical Points involved in the 

Answer or Attempted Answer. 

So curiously involved is the question, indeed, that, 

singularly enough, such practical authorities cannot 
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assume this position, any more than their opponents 


can prove the accuracy of the above-named definition 
without doing the same thing. For both are com- 
pelled to put the old question, which, aa yet at all 
events, revolves upon a centre, and like the curved line 
of a circle returns perpetually to itself, so that the 
same point is ever being reached, and this old question 
is just What ¢s ateel? If this new metal, the product 

of the melting process of the Bessemer converter, or 
of the open hearth, be, aa it is said to be, a ateel, is it 
& true steel, and is steel a metal which can be hardened 

and tempered and be made capuble of producing a 

keen cutting edge? Hitherto a metal, the alloy of 

iron, which possesses these properties, has been by 

universal consensus defined as steel. But if so, then 

beyond all question the mild steels”—another defi- 

nition, by the way—produced by the Bessemer and 
open-hearth processes are not steel. For, as those 
practical men point out whom we have above alluded 
to as those who cannot accept the definition of steel 
we have above named aa correct, it ia a thoroughly 
difficult thing to say if those so-called mild steels 
are not in reality only superior wrought iron, Again 
and again has the statement been made by practical 
men, at the meetings of practical men, and made 
without contradiction—without any sign, indeed, that 
confutation was necessitated or could reasonably bo 
made—that it was a very difficult thing indeed for 
even an expert in our constructive metals to say with 
precision, of two given metals, which was iron and 
which was steel, It is almost impossible to rend a 
paper, or to listen to a discussion of even the most 
recent outcome of experience, without getting clear 
evidence of the fact that the whole subject bristles, 
so to say, with difficulties; giving rise to an almost 
endless variety of opinions, and showing the exixtence 
of points of difficulty so obscure, that all that is at 
present left for practical men to do, is to be content 
with conjectures and surmises, some of them the 
crudest and most undigested. And this eminently 
unsatisfactory condition is likely to remain so, at lenst 
for a time, till we learn more~—-and we are every day 
learning more and more—about the processes of manu- 
facture carried out. For certain truths have been 
discussed, and certain conjectures proved almost to 
demonstration to be correct; still a limit must be 
placed to actual investigation—which alone can be 
productive of precixe and definite resulte—when that 
is to be made within the interior of a blaat furnace 
or a Bessemer converter. It is, indeod, one of the 
great advantages yielded by the open-hearth process, 
the great rival of at least the latter, that it affords 
facilities for watching the progress and for repeatedly 
testing the results of any process of metal manu- 
facture carried on by its aid ; although it is only right 
to state that, so far as affording facilities for testing 
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the regults at any time during the actual carrying 


out of the process, or “blow” as it is termed in’ 


Bessemer steel works, the Bessemer process has 
claimed for it a value at least quite equal to the 
open-hearth process. But as regards the facilities for 
watching the actualities of the process throughout, 
the reader who knows the features of both processes 
—which will be duly described hereafter—will, we 
think, give prea. position to that of the 
open hearth si 

‘Farther Prevtleal Genitderetions einai wi the Subjent 
- Oaretaly aoting, ‘then, A epg evita 





“be, apooiillly rater 4, or -will incidently crop up 
“in other departments in chapters yet to 
‘follow, and which have also the closest bearing upon 
this important question, What is steel? would it not 
seem a better gay to arrive at ite determination in some 
mode different from that attempted?! The point is well 

worthy of earnest consideration, for the question is 
not merely one of theoretical value, its determination 
not only one of business convenience, but, as all 
scientific men well know, the answer to the question 
—qnvolves points of the greatest scientific importance, 
bearing in the closest way upon practical work. 
Would it not, then, be well to decide upon a double 
definition, so to call it, which wi!l embrace the two 
metals, or rather distinctly separate them and keep 
them apart! The two names seem to be already at 
hand. Let “steel” be only and always applied to 
that meta] or alloy of iron which has hitherto been 
known by this title, and which alone has the dis- 
tinctive characteriatios of being able to be hardened 
and tempered—characteristics which, till within recent 
times, have been universally acoepted as those only 
of the metal or alloy of iron popularly or generally 
called steel. On the other hand, let the new metal, 
the product of these processes—-of which the Bessemer 
converter and the open hearth are the representative, 
if they be not, as indeed they practically are, the only 
two methods by which this alloy of iron can be caat 
into moulds or ingots, and afterwards pressed or rolled 
or hammered—have ita own distinctivename. As we 
have said, the name is already at hand, and is in- 
dead extensively if not universally used—" ingot steel,” 
Or if another distinctive characteristic be considered 
the best basis for a new name to the new metal, take 
the proposal of Sir Joseph Whitworth, and let all 
metals porscesing a tensile strength below a certain 
agreed-upon point be called irons—ell metals posseas- 
ing a tensile strength above it be called steels, The 
name ingot steal is perhaps the simpler of the two; 
ot all events it carries with it no inherent difficulty, 


-Jataad, ‘atid ‘Chigss ‘others aldo which will. 
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as it is already accepted as a defining a certain product, 
and does not, at least it has not yet acted, as an 
incentive to that combative faculty which engineers 


‘and mechanics, if they have, as we believe they have, 


leas of in scientific and practical points than the 
members of other professions, are certainly nob alto- 
‘gether deficient in. For this combative faculty would be 
aroused—-has already, indeed, been so-—in the attempt . 


to agree upon the point: what ds the line of tenzile - 
"., strength which ‘below it would qause @ metal tobe i 
“defined as “iron,” but if shove it would ‘give to’ it.” 
the name of “steel”: But whether much. way, to get: et 
“ont of the difflculty here quietly and with’ diffdense” * 
suggested ‘be adopted or not, or whether somemodifine: |" 
tion of its distinctive charecter be preferred, certainly it. 
‘gooms that the state of uncertainty which characterises : 
the question as it now stands is not to the credit of . 


engineers and mechanics, assuredly not worthy of the 


science of metallurgy--a science which of late years, . 
in absolutely revolutionising the manufacture of iron © 


(using the term in its broadest acceptation as embracing 


_ all its alloys) has increased to an enormous extent the 


resources of construction. — 


Characteristics of the Gld Forms of Metal to which the Name 
Steel has been universally accorded, 

But what has been here said of the definition of 
ateel, for the reasons we have stated—that is, in regard 
to the relation which mechanics have. to the new 
metals for which, as we have seen, many claim the 
title of steel—has had no specially direct reference 
to that form of iron or alloy of iron which, pre- 
vious to the introduction of the new metals, was 
alone knawn by the designation of steel, The only 
reference to this, the old-fashioned steel, which has as 
yet been made, is that it is a metal which is capable of 
being hardened and tempered, and when so treated is 
capable of taking a fine cutting edge. But it will be 
perceived that this definition, if so it can be called in 
a truly scientific sense, refers only to the capabilities 
of the metal at one time known, and only known, as 
steel. It tells us what can be done with it, how it 
behaves, so to say, with certain treatment ; but it does 


not define what steel is considered ag a combined body, - 


or whether indeed it is a combined body. It is like 
the position we are in on being told that there is a 
certain amount or sum of money, but not told—what 
in point of fact, for one reason or another, we wish to 
know—of what or how it is made up. Now, this 


precise definition of what steal really is, is one which — 


carries with it much of great practical importance, in- 
volved in the manufacture of iron or steel, or of both ; 
for both are concerned, es wo sal present on the 
making of steel in the ordinary way. 
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“THE TECHNICAL STUDENT'S INTRODUCTION his mind would probeb 7 
probably be so perplexed, if an in- 
TO THE GENERAL PRINOIPLES OF experienced electrical practician, that he " would be 


MECHANICS. | the worse, and none the better, for the study. And 

Laws avraorma NatupaL PHENOMEXA—MatTTzE AND — this applies, ds we have endeavoured to show, to all 
_ Motio. abstruse and, asa rule, purely metaphysical theories, 

ae amas Opinions, or “conjectures” concerning ferca. Tho 


last term here used, “conjectures,” is possibly the 
best to designate those positively useless inquiries 
into a region of which we are never likely to know 
anything, And theinductive philosopher never deals 
with, conjectures as if they were facta; and it is to 


, “Wa stated at the end of last paragraph in preceding 
' » shapter that it is with the “ manifestations” of that 
1, “eomething” to-which the name of'force” is given | 
° Phat th, mechanic ha £0 do, If he has ‘a. “grinding ie 
tome”, to turn, in putting an edge.on bis axe or his “inductive philosophy” or science, with its factd, and "ik! 
", » ighisel, and only bis own strong'arm to tun the grind, its facta alone, that we owe all those brilliatit and: ote) 
“° atotie with;:in the sharpened axe or ‘chisél ‘he has ob- ‘practical diseqveriés which have given us such material: '7./0ps 
\' * tained he has got the work:done which he wished'todo.- help in every brangh of industrial work. ‘True, the’ ¥.)7 
'', And, however much he might gratify his intellectual inductive acientist or philosopher must deal’ with |." ae 
' pride by saying that he had discovered what that force conjeotures—for it is « conjecture of his imagining ae: 
* -wad,.or that he had clearly traced. it to its origin, his 





common sense would tell him that aven of what he 
. gaid he knew did exist, its existence and the know- 
ledge of what it was would not help him one.whit in 
turning his grindstone and sharpening therewith his 
. axe or his chisel, And, if he heard a brother mechanic, 
who had been turning a lathe mandrel by the force 
of his foot and leg, say that he had discovered what 
that force was, and could trace it to its origin, but on 
womparing notes found that his brother mechanic's 
discovery (80 called) was the very opposite of his 
own—we may conclude that his common sense would 
aleo in such @ case tell him that it would be in every 
way the most practical thing to do to let all those 
‘abstruse searches after knowing what we may from 
past experience shrewdly suspect will never be known, 
alone, and confine himself to his applications of this 
force, whatever it is or may be, in the doing of his 
daily work. 
The Manifestations of, and the Applications of Force to his 
Practical Work, the Ohief Qonoern of the Mechanic, 
This, to take an analogous case, is what the electric 
telegraph engineer does, He knows nothing—abso- 
lutely nothing—of what electrigity is; it apparently 
is present in every substance, but how it is so and 
how it is created—in brief, what it ia—he knows, as 
we have aaid, nothing. But this does not trouble him ; 
he takes it as it ia, knows how to excite or bring 
it out of bodies, and makes it do all the varied 
and marvellous work of which we all know, The 
most elaborately detailed and the most abstruse 
theories trying to show and prove what electricity ts 


would not, however closely he studied them, help him | 


‘one whit in his practical work. No more would the 
photographer be helped in his practical work, who 
deals with light—as to what # t& no two scientific 
men are agreed—who bothered his brain with all 
manner of theories concerning it. And if those 
theories as to what electricity is were contradictory, 


that such or such a thing may exist which leads him to "A i 
try to find out whether this does exist or not, Here, 


as in numerous other oases, light is thrown upon the 
word we have here used by looking at its root or 
derivation, “Conjecture,” then, we find to be derived 
from two Latin words—con, with, and jacere, to 
throw; #0 that a conjecture is literally “throwing 
together” a number of things. The word “suymise” is 
often used as synonymous with this term conjecture, 
and is derived directly from the old French verb 
surmitter, to suggest, and this from sur, upon, and 
mettre, to place; #0 that a surmise as to what force 
ia, for example, is the placing of things or thoughts 
one upon another, as conjecture is the throwing of 
them together to form a single thought or subject. 
But here Jet the reader carefully note thie distinction 
or point, for it lies at the root of all our progress in 
mechanical work, While with the inductive philoso- 
pher conjecture is allowed to go no farther than the 
point above named, he deals only with facts, and if 
he cannot get facts to support his first conjecture he 
never thinks of putting «¢ forward as a thing to be 
believed simply because he gays it is, or is induced 
to believe it himself, Facts, and facts only, are to be 
dealt with in his work, Some particular course of 
investigation may be taken up by him ns originating 
ina “conjecture” that certain things in connection 
with it exist or are likely to exist, But he must 
never assert—and the true man of science or inductive 
philosopher never does assert—that these do exist till 
he has proved their existence, The very term “ins 
ductive,” derived from the Latin word tndwoere, to 
lead into (im- and duco, I lead), indicates that we 
must go completely into a subject or course of inves- 
tigation before decided opinions concerning it are 
given forth, or dogmatic aswertions made about it. 
And going into a subject, not beating about it 
gutaide, is the only way to get at the facte of what 
it ia, A sailor, however nearly he approached, could 
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certainly not be snid to have practically arrived at 
the harbour—his point of destination—till he had 
got tmto it. The owners of his vessel would have to 
wait long enough for the goods it carried if he kept 
“beating on and off” outside of it. These conasider- 
ations are of the utmost importance to the young 
mechanic desirous, as the saying is, of “ bettering 
himself” in his profession; and they have the closest 
bearing upon the matter now under consideration 
in relation to certain definitions in the science 
of mechanics. The sooner, therefore, the youthful 
student gets hold of this the better: namely, that 
force, like this motion which it produces, is a some- 
thing—if not actually tangible, is practically some- 
thing—an “entity,” a thing in existence which he 
can, paradoxical as the expression is, lay hold of 
and bend to the purposes of the work he has to do. 
The word “entity” here given is much used in 
scientific disquisitions. It is derived from the Latin 
ena, entis, a “being,” a thing which has an existence 
or a being. ! 

Further Practical Considerations connected’ with Forve and 
a | ite Definition, | 

+ Leaving this, the region of perplexing and un- 


satisfactory theories, and entering-that of fact, he will 


be on safe ground, in which ‘he will find enough to 
help him in his daily.work. If he strike his hand 
against a wall, or in chipping misses the chisel and 
peela the skin or flesh from off his thumb with the 
hammer face, he has painful evidence enough of what 
“force” can do; just as a mate with whom he is at 
“outs” would have, if he knocked him down; and 
he has no doubts at all about “force” being a thing 
which he can use, or, as in the latter case, abuse, nor 
is at all troubled by fine-spun theories, which would 
make it out to be some abstraction of the brain— 
some “airy nothing.” But while in the cases above 
named, and in an infinite variety of ways coming up 
perpetually in every-day life, seeing that force exists 
ag a something, or what may be called here a practical 
power, capable of being exercised or brought to bear 
by himself personally upon objects external to himself, 
he will have no difficulty in perceiving this other fact, 
—that “force” as a practical entity, a thing which 
exists, and which, by the effects it produces or the 
-work it does, can be estimated or measured, is chiefly, 
in the practical purposes of mechanical work of all 
kinds, obtained from, so to say, or exercised by things 
or objects other than ourselves. What the sources of 
force, or, to use the common expression, power, are, 
we shall have special occasion to note hereafter, 
Foroe or power, like electricity, may be supposed to be 
latent in certain things or objecte—lying waiting, so 
to say, to be called forth for some useful purpose; and 
just as electricity is excited to manifest itself, a0 may 
certain objecte or things be excited to give forth their 
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force to act upon other objects or things external 
to them. How this is done we shall have occasion 
hereafter to point out. But like electricity, which, 
although we know that it is present in bodies in 
an insubstantial, or, as we say, latent form, so in 
the case of force we can only become awure of its 
existence by its effect, or what it does, Now, of those 
effects of force, the one which is most apparent, 
because it is the one which is most frequently die- 
played, is that of “motion.” And it will be per- 
eeived—-if the student will refer to the definitions of 
“force” in a preceding paragraph—thnt this effect is 
the one named as produced by the cause of force, 
whatever per ge it is. So universal, or, rather we 
should say, so general, is this manifestation of what 
force effects in the way of producing motion—and go. 
generally also, in consequence thereof, is this rela- 
tion entertained—that some maintain that force can 
only be actually.and practically known to us by the 
movement of bodies, or it can to us only exist when 
it produces motion. In other words, they say that 


‘there is no force when there is no motion, 


Home Considerations connected with the last-named Definition 
. of Force—Frossure, | 
How greatly this last-named view—which is, hoy- 
ever, held by many, and some eminent, authorities 
—complicates what, when viewed in the prudent, 
common-sense way noticed in a preceding paragraph, 
is a comparatively simple matter, needs scarcely 
to be said, The plan of our papers precludes our 
entering upon an explanation of this, for it would 
possess little practical value to the reader; but it is 
indeed only necessary to state that it is not true that 
force can only be manifested or made known to us 
when motion is produced. The statement of some 
just noticed, that there can be no force existent 
unless motion be produced, is wrong, for it takes no 
account of “ pressure,” which is just.as much an 
effect of force as motion; and it is just because its 
manifestation is so seldom witnessed with the fre- 
quent, the almost continuous manifestation of it, in 
the way of motion, that it is so little thought of. 
And a very important lesson may be learnt by the 
reader of. the value of looking at all sides of a subject, 
from the fact that there are those who maintain 
theories which can only be correct if facta of daily 
existence do not exist—paradoxically so to put it... 
Now, pressure is a fact, as well as motion: a fact which 
can any day be painfully proved. A finger happens. 
to be placed in the space between the door-cheek and 
the edge of the door-style, and some one closes the 
door ; that in eo closing it some one is exercising foree,. 
or causing it to be manifested, his common senge tells 
him, and tells him that ite effects are felt, and sorely 
too, upon his finger, upon which there is pressure 
enough—more than he cares for-—but in. which there is 
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no motion. He only, in such a case, wishes there were, 
so that he could move it out of its puinful position; 
or had been, so that he could have moved it, and in 
time to prevent the pressure, No doubt it may be 
said that, in the case of goods pressed under the 
powerful influence of an hydraulic press, there is 
motion in the movement of the particles or atoms of 
the body or substance of the goods pressed. It muy 
also be suid that “ compression” cannot exist without 
movemcnt—the term, derived from the Latin words 
con, with, and preasere, to press, including a 
bringing together of the constituent parts of the 
body within narrower limitse—that is, each one being 
brought or taken nearer to its neighbour. But there 
is no motion in the goods as a whole, considered as a 
parcel or package or @ single mass or body, any: more 
than there is movement in the finger which has 
been caught between the style and cheek of a door 
afterwards closed, though there has been a movement 
or a squeezing together of the fibres of the flesh, 
The victim would, as we have said, have been only 
too glad had there been motion, in the sense that the 
finger had been moved out of the way before the 
pressure was put on, or the “force” applied which 
produced the pressure, Preagure and force, although 
frequently used as such, the student will perceive are 
not synonymous terms, strictly speaking, for pressure 
is a product of force just aa motion is—and motion, or 
the amount of it, is not, ag some say, force itself, any 
more than pressure is. 

Another Term frequently applied in connection with Force. 

—~Energy. 

There is another term, or word, very frequently 
met with in mechanical works and dissertations— 
namely, “energy,” which is frequently considered to 
be synonymous with “force.” The terms, no doubt, 
are closely connected, but are far from meaning the 
same thing. Take, for example, the force which exists 
or dwells in the human body, or which that body is 
capable of exerting. We know that this is capable of 
being exerted within the limits of a wide range—from 
the force exerted in wiping away a tear or brushing 
aside a fiy, to lifting a drowning neighbour from a 
stream. We would counsel the young reader, at thie 
stage of his progress, not to enter into any speculation 
of his own, or to read much of the speculations of 
others, as to what thia force is, or how it exists 
in his body, He will thus be spared the trouble 
of leading himself into the holding of some strange 
metaphysical and bewildering notions. Let him, 
on the contrary, at least for the present, take the 
common-sense view of the matter, and be content, 
as well he may be, with the fact—which is a 
fact, metaphysical writers to the contrary notwith- 
etanding—that this foree does exist, and that he is 
capable of using it as a distinct entity, or a something, 
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exactly as he uses anything material which he pos- 
sesses, such as money, of which he may spend much 
or little, just as his mind or will determines. And 
common sense tells him that this view is correct, and 
practically the only one worth oa rush to him in his 
daily life. And further, that, as in the cnse of 
money here supposed, he can expend, give out, or 
manifest aa little of the force his body possesses as 
he chooses, or a much of it, and if necessary to its 
full range, And where this human force is so put out, 
or developed, we sometimes use a term by which to 
designate it, and this we call “energy.” When this 
term is employed, what is meant by it is well known 
to the majority of us, it being only to the thoroughly 
uneducated that its meuning is obscure, although 
often not even to thom. When we say that man is 
devoting all his energy to any piece of mechanicul 
work or bodily labour, we know, and in other words 
say, he is putting all his force to it, A man in 
cleaving wood with an axe may dreamily and languidly 
go through the work, and may take many strokes to 
cleave a single piece; and when we say that he is 
“inergetic” we use a term the meaning of which is . 
well known to us, and which. is, in fat, only saying 
in another way that he is not putting out his full 
force. But if, on the contrary, we see that with one 
vigorous stroke he cleaves the wood, we say that he 
ia energetic, which simply means the converse, or 
opposite of the above; and we know at once that he 
is energetic—some would say forcible. 

In common and familiar language, when we see a. 
man thus energetic, if we cannot say that he ix work- 
ing vigorously, and apparently doing his “ work ” well, 
we know at least that he is trying to do it to the best 
of hiy ability. The moaning of the term “energy,” 
which it is essential that the youthful student of 
mechanics should understand, may be made clearer 
if we look at the derivation of the word; and a very 
curious point is raised by this, which is by no means 
generally or widely known. The word is derived from 
the Greek word energos, and this again from two 
words, en and ergon. This last word, eryon, means, 
in the Greek language, “work.” And hore comes 
the suggestive point. This word eryon in itelf 
derived from, or has its root in, the word ar, 
which means to “plough ”"—which operation was 
deemed, in the early days, to be synonymous with 
the phrase “to work,” as if ploughing were then the 
one essential work which had perforce to bo done, if 
work of any other kind was to be kept up. For man 
had then, as he has now, to eat in order to work. 
Now, ploughing, especially in first turning over lands 
which had been left in their natural condition—and 
this change would increase as civilisation increased— 
is work in the doing of which “force” is required, and 
which, however obtained, is always essential, 
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THE STEAM ENGINE USER. 
Tue DIFFERENT CLASSES OF ENGINES USED CHIEFLY FOR 
MANUFACTURING AND AGERICULTUEAL PURPOSES.—THE 
Leapina DETAILS OF STE4mM ExGiInes—OoNsTRUCTIVE 


AND OPERATIVE. —THEIB PRACTICAL WORKING AND: 


RoonoMicaL MANAGEMENT, 


CHAPTER II. | 
Ar the end of the preceding chapter we began @ para- 
graph on the value of the indicator im ascertaining - 





. the true character. of the working of a.eteam exigine, | 


-atating that not » salir to be mot wiih who:know — 
slit oak ‘bt always 





ee ‘the -woelk: e the. wean engine, ‘user, the following’ 


~ wemerks in 9, peries of g.are presented to 
: their notice. They will embody not merely o general 


eeeription of the ordinary, or what may be called the 


initial or elementary form of the apparatus, but of 
some of the many improved varieties which are more 
or leas largely used. The principle of its operation 
‘ will be glanced at, the method of applying and using it 
described, and the * indications ” or “ diagrams " whieh 
it-gives explained. The modes in use of calculating or 
ascertaining the value of the “diagram” will also be 
described, and practical notes as to reading off the 
hints which they give as to the character of the work 
_ which was being done and the power given off by 
the engine at the time when the diagrams were taken. 
The steam engine indicator is not of recent inven- 
tion. It is aa old as the modern steam engine itself, 
for Watt applied it to his great invention, Though 
as old, then, as the steam engine, ita use was however 
for long almost unknown to the users of steam engines, 
except in rare instances. During the past thirty 
years it has gradually gained admission, as one of the 
necessary helps and appliances, among those connected 
with nteam engines, Therefore there ia no intention 
to claim, for any one cloas or in any one district, 
originality in respect to its daily or frequent use, in 
the paragraphs following. It is admitted, by those 
who possess a general knowledge of its workings, to 
be indispensable to all who employ steam power. 
Though known to every engineer who has had oppor- 
‘tunities of attending to steam engines, yet atill it will 
be found that a large number are yet in comparative 
ignorance of its usefulness. This ignorance still exists 
in the minds of many-~perhaps mainly from the neces- 
sity of having plain instructions given them as to its 
use and the simplicity of calculating ite diagrams or 
indications, A correct idea of the value of the steam 
engine indicator by the user of a steam engine would 
at once cause him to place a high value upon it, as a 
valuable index to him as to what power he was actually 
receiving from the combustion or consumption of a 
sertuin weight of fuel. The working of a steam engine 


f “ out of sorte,” 


THE STEAM ENGINE USER. 


aa to its interior may be compared to that of the inte- 
rior of the human frame. Its power-giving parts are 
hidden from the eye, and thus the true working of 
these, their real facts, are concealed, The medicu! man, 
in order to ascertain certain conditions of his patient's 

health, makes: use of an instrument to test what is 
the condition of the breathing functions before he 
‘Ventures to prescribe for any malddy or illness con- 
‘nected: with them, . ‘The patient. can often give such 
an account of the positiqn ‘of his aches. and: pains thet 
jie’ physidian can diav, from his great experience, ' 
Inoderately correct ociichision es fo what ta the conde” 
and once Knowing the'cause, atheapt to remove. it... 
‘But in other canes he cannot, knowing only in a generat,” 





¢ 


way that he is unwell, or, as the popular phrase is, - ° 


Without some means of coe 
internal actions which indicate the symptoms of the 


complaint, the physician would be generally at a loss 


to know how to prescribe, But by using the “stetho-— 
scope” in the particular class of complaints alluded to, 
he can tell, through long experierice in listening to 
the sounds which the organs give out in the breathing 
of the patient, which are conveyed to his trained ear 
by the instrument, with marvellous accuracy what is 
the condition of those organs. For a healthy sound 
has its own peculiarities, just as hag a diseased one. 
And whut the stethoscope is to the surgeon, so the 
“indicator” is to the engineer in enabling him to 
ascertain the internal working of the steam engine 
employed as a prime mover to give out power. In 
the case of the steam engine the only information it 
can give is that of irregular motion, or that of a 
larger consumption of fuel when it is out of order 
than is necessary to be consumed. Many engine users, 
and “ tenters” aa they are called, have beon dismissed 
from their work throngh ignorance of the state of 
the working parta (those which cannot be seen). Had 
the attendant employed a steam engine indicator, and 
had the knowledge which is required in its use, he 
could not only have given satisfaction to himself, 
knowing that certain results proceeded from certain 
causes, but having experience so as to direct him to 
that which was the immediate cause, he would have 


saved himself a world of anxiety and trouble, and in. 


addition to that his employer would have had the 
more interest in keeping him in his position. Em- 
ployera are not always blind to their own interests : 
they know when they are possessed of a faithful 
servant, and that to exchange servants holding « 
responsible post is by no means desirable, and is rarely 
done, except in case of some unusual conduct or of 

a faulty character. — 

The purport of this pert of the present series of 
popers is not to give the reader details of steam 
engine construction, or. of the modes of using and 
repairing it when not in good order. All this will 
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be taken up in succeeding parts, What we have now 
to give is in connection with the indicator only. 

The indicator, as we have before said, is not of recent 
date, though its general use is but of recent application. 
‘Thirty years ago not more than one out of ten of 
those who had the care of steam engines had seen an 
indicator, ‘much less did they know anything of its 
yalue, But it is now in the hands of a large proportion 
of foremen or-engine tenters, come having but a very 
‘snperfect, knowledgerof it when they have manipulated 
AN; though others; but few; realise the value of, and 
| sare able 40 piofls, by, the diagram whieh it produces, 
‘ The-steam éngind indicator, like all other instrumenta, 
‘still retains the’ princigle, but ite form ‘is as different 
““tonday to, what it was in the.days of ‘Watt. as that of 
any. other old machine or instrument. . The change 
may be said to-lie partly in form, and partly in the 
' different construction of the mechanical arrangements. 


It is now more portable, and also much more correct: 


in its operation. Perhaps the most, accurate steam- 
engine indicator of to-day is that known as 
“ Richards’: its working parts, of course, being 
similar to all those which have preceded it, Ordinary 
education now being within the reach of all, in con- 
sequence of the present system of schools, should a 
diagram be produced from the steam engine, a boy 
who has passed the fifth standard could, with a few 
examples, learn quickly to “read” the diagram, and 
calculate the power the engine was producing ; and the 
knowledge of figures, the simple rules of arithmetic, 
- are now within the range of the generality, at least, 
of young men. 


A Capability to understand the Points" of Steam Engine 
Diagrams necessary in addition to that of computing 
the Power of the Engines from which Diagrams are taken 
— Points in the Practical Management or Use of Steam 
Engines involved in this, 

But a knowledge of figures is not the only matter 
necessarily requisite in the indication of a steam 
engine, That is but the preliminary. The next and 
the great value of indicating will be fully shown as 
we proceed in giving diagrama of different forms, and 
explaining the results and causes of the different 
style of diagrams, with remarks on each, so that the 
readers, more particularly those who are somewhat 
conversant with a steam engine and the parte which 
produce either good or bad results, can readily under- 
stand how to improve them or rectify certain errors, 
Thus an instrument which can be applied to the 
steam engine, and which gives to the user of it the 
real state and condition of those parts which cannot 
be seen with the eye, which can only be gnessed at 
without, and can only be ascertained absolutely, with 


. definite precision, by the aid of the “indicator,” can’ 


acarcely be overvalued. The “ diagrams,” when taken 
by ite means, will appear to those ignorant of it a 
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mystery, and likely to carry no more profit by them 
than one who is totally unacquainted with the system of 
stenography receives from a, piece of shorthand writing. 
The following paragraphs are intended to give the 
necessary information on the use of the indicator, 
also of the diagrams when taken, and how to make 
the necessary calculations from them, They give also 
full instructions how to detect faults, if any—t.¢, ao far 
a8 economy in consumption of fuel, and how to gain 
eteady working are concerned, so that they will thus be 
all the more practically useful to our readers, . It is 
only right to state that, having had many. yours, ok 


experience in ite working, we have ever found it'to 


be « correct discoverer, and in its diagram” desoriber; : 


wo to say, of the true state of affairs in the invisible or iY : a 


dark room of the “cylinder,” and thus telling us the 

exact condition of it, thus fully disclosing the hidden 
or secret workings which may thus be said to be made 

visible to the eye of him who can read the diagrams 

properly which the indicator gives him. When the 

lines are so spread upon paper, they are then open for 

inspection, and to the learned they are so far under- 

stood that they can be treated ag the case requires, 

We say as the cage requires, because circumstances 

vary, and therefore such arrangements must be 

made that, whatever the circumstances may be, it 

can be accomplished if it be within the possibility and 

the capability of the power of the mechanism of the 

steam engine, This oan be done, not by the rule of 

thumb, but on principle. The diagram on the paper 

shows, in the first place, the position of the engine 

as to the power it is exerting, and secondly as to the 

amount it is capable of performing in addition to the 

power it is already exercising. This being the cave, it 

arms the steam engine ucer with a power so that he 

can at once set to work to provide for the requisite 

ateam power that is required. If no extra power be 

required, the diagram points out unmistakably to 

those in charge, whether there is any necessity for a 
change to be made in the arrangement of working the 
parts so as to give the best result. 

A Point to be considered in Working the Engine in relation 


to the Diagram taken by the Indicator,—The ‘ Setting” 
of the Valves of the Steam Engine. 


Two results are required to be gained by arranging 
the working parts, and which can only be done on 
principle, after having a figure (the diagram i is often 
called a figure) taken without working in the dark: 
ie, firstly, to so regulate the valves (which are 
the real working parts by which the changes can be 
secured) that the steam engine can be regulated to 
work amoothly, This is very important—t.e, regular 
turning and smooth “running.” To arrange the valves 
so as to gain the above result has an economical effect 
of high value : it also prevents breakdowns and sundry 
repairs, which often take place where vives are in- 
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correctly set, The word “set” is mostly applied to the 
regulation of steam valves. In short, the difference 
of the wear-and-tear in the various working parts 
between an engine which has the advantage of being 
carefully regulated and the one which is neglected and 
is working irregularly and “shaking,” as the phrase is, 


is simply the difference between repairs seldom and’ 


those frequently required, together with the chance 
of a total breakdown. Secondly, economy in working 
_ steam engines is also a desideratum with manufacturers 


or users of steam powertoa large extént, Coals being | 


an article of everyday consumption,’ and also an .ex- 
pensive item, it:ia all the more necessary ‘that the 
‘best. means should ‘be adopted to curtail such costly 
expenditare: .' The use of the “indicator” and a 
knowledge of it prepares the person in charge of the 
engine to 80 far adjust the valves that the object 
required can be accomplished. It may in other words 
be called a. “detective,” an “informer.” What can be 
more valuable than a machine which can discover 
faults, and that with little trouble, and when discovered 
can show where the fault lies? It is no falee informer: 
it may be relied upon; and hence the value of such 
a piece of mechanism, Our experience with steam 
engine indicators for a period of more than thirty 
years has been very wide and extensive, so that we 
have every confidence in recommending such a valu- 
able adjunct to the engine-room as an indispensable 
auxiliary to it, Keonomy in working steam power is 
at this day regarded as one of the first steps in a well 
managed concern, Manufactories of every kind ‘have 
to depend largely on the principle of economising in 
every branch which entuils cost;, and therefore the 
mighty consumer of coal, the steam engine, must have 
its share of attention. An old proverb, which may 
be repeated, is valuable when put in practice— Take 
care of the pence, and pounds will care for themselves,” 
but in the use of coal with a well arranged engine its 
application saves its pounds. The difference between 
w steam engine being properly set to work for saving 
coal, and one which is improperly arranged, might be 
at @ coat in the consumption of conl equal to 25 or 
even 30 per cent, hence the importance of a know- 
ledge not only of the steam engine as a machine, but of 
the application of the indicator. ‘We cannot possibly 
praise the indicator and its use more than it deserves, 
and those who have had experience with it will admit 
all and more than all we have said in its favour. 
Praction] Points connected with the Use of the Steam 


Engine Indicator, 
The “indication” of the steam engine is obtained 


when the engine is in full operation—i.¢., firat, when it 
ig running at the regular speed at which it is required 
for the machinery which has to be driven; next it must 
be ascertained that all the machinery which depends 
upon the engine for motion is in full work; this 
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being done, the work of taking the indicator diagrams 
can be proceeded with, and this diagram will be traced 
upon the paper which is attached to the cylinder of 
the indicator, and when it is worked out (as will be 
shown how, as we advance in this paper) the actual 
power which is exerted at the time the diagram is 
taken, will thereupon be presented. The result 
which is exhibited must not be understood as being 
the net power of the machinery which has to be turned, .. 
but the total power which ia required to overcome the 
friction of the machinery which.is in operation. We _ 
shall, ad we: proceed, refer more particularly to the. 


mode of ascertaining the total power which the, steam’ - 


which enters the eylinder of the steam engine producas, 


secondly to the power which is required to overcome 


the friction of the engine and ehafting, and thirdly.and © 
finally to that which is required for the machinery 

elone. Such a mode of procedure fortifies the 
engineer or owner of the works against adding more 
machinery to that which is already at work than the 
condition of the steam engine is capable of perf 
Therefore the use of so valuable an appli 














further add that the steam engine indicaty 
the engineer or engine builder how toj 
the strength of the metal in those parts) 
to be affected—t.¢. those parts of the e 
receive the greatest amount of straing 
should be so judiciously regulated as tq 
little irregularities in the way of chem 
changes, which all engines are subjecteyay 
action of the machinery they turn, wham 
been stopped, and suddenly put to work @ 
friction arising from change of weatherg™ 
that of damp, may also be ascertained 
the indicator, Belta become tighter anda 
friction in damp, than in dry weather, Ey 
ig more expecially caused in works where a 
ber of cords, ropes, or finer kinds of cord, @ 
commonly called “bands” are used; where such abound 
the work to be done ia considerably augmented. 
Every kind of change in the directions we have named 
above requires to be so provided for that it will com- 
paratively compensate for such emergencies, | 

The indicator is truly named: itisan “informer,” a 
“forewarner.” It ig the red light--to borrow @ phrase 
from railway working—to those who understand signs. 
When a diagram is taken and it appears larger than 
the previous one, it points out again the necessity for 







inquiry in order that the cause may be ed. 
In case of extra speed being given to machinery which 
is in operation, it also gives information of what has 
been done—i.e,, it shows the power requi 
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have found the use of the indicator, where power is 
“let off” tu tenants, to be of the greatest value, It often 
happens—and we suppose that such ia a general weak- 
ness in man—that he requires for every penny spent 
a pennyworth of something for ‘it; and it often does 
fall out that one having steam power is actuall 

getting more than is due to him, and this may ge 
largely added to by his increasing the speed of the 
machinery, and thus he may be obtaining a penny- 
_farthing’s worth of power for his penny. This kind 
of apparent does not always arise from actual selfish- 
nea, but sometimes from a want of proper knowledge ; 
and if conversant with the use ‘of the indicator, he 
oonld no longer profess’ (at leaat) to be. ignorant of 
: the result, that more speed in the machinery will 
require more power, and the additional power must 
come from the engine, and thus a greater consumption 
of coal is going on, therefore the power provider is at 
ad much of a loss, We have. adduced the above cir- 
cumstances, possibilities, and the like, that we know 
such as deal—for in reality “letting off” of power isn 
distinct trade—in letting off power are subject to, Be- 
sides what we have named as being a loss to those who 
find power for tenants, they are also subject to the logs 
arising from being overloaded by the tenants’ work— 
i.e., having more power to furnish than can be furnished 
with safety by their steam engine. Here again the detec- 
tive instrument may be set to work, giving information 
to the principal or owner of the engine as to what has 
taken place; and therefore he puts some one to work 
to ascertain the real cause, in order that it can be 
remedied or compensated for. The value of such an 
instrument will, we think, be so far appreciated, that 
all who desire to act on sound principles and on safe 
ground, as well aa to work on an economical plan, 
will therefore, if wise, so esteem the indicatnr as 
an indispensable instrument that they will be pro- 
vided with one; for the reasons above alluded to 
are of the utmost business importance. 

Though the “indicator” is expensive at first coat, it 
nevertheless contributes to economy. ‘With care it is 
seldom out of order, and therefore very little expense 
follows upon even its continued use, As we progress 
in our remarks upon the diagrams as we draw them, 
we shall have to point out other important points 
which are necessary to be read and valued as leading 
to economy, etc., etc. 

General or Popular Description of the Indicator. 

This is a small cylinder, a a, provided with a piston, 
to the under side of which the steam from the main 
part of the engine cylinder at its upper end is 
admitted by a pipe regulated by a cock, 6, fig. 1. The 
piston-rod is supplied with a strong spiral spring 
(partly shown through the slot ¢ ¢ in the upper part 
or cylinder d d), the office of which is to press the 
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piston of the indicator downwards after the steam 
which has pressed it upwards passé’ away, as it is 
exhausted from the cylinder of the engine. To the 
spring a pencil rod, ¢, is attached, the point of which at 
J works against a small sheet of paper. This sheet of 
paper is passed round a vertical cylinder, g g, running 
on a centre attached to the frame, 4h, of the indicator, 
The cylinder haa a motion given to it on its centre by 
a small pulley, ¢, round which a cord j is passed, 
this being connected at its upper end towards & with 
the parallel-motion radius bar of a beam engine or 


_ to the cross-head of the piston-rod of a high-pressure 


engine which reciprocates to and fro; the end, when 

pulled out by the outward motion of the rod, as in the 

direction of the arrow /, causes the cylinder to move 

round a part of its revolution, aa shown by the 
; 
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curved arrow 7} and on the piston-rod. of the engine 
moving inwards, a spring within the cylinder + ¢ 
makes it return in the opposite direction to n, coiling 
up the cord & j in direction of arrow m us fast aa it is 
released by the backward motion of the piston-rod of 
the engine, The indicator being thus arranged, its 
cylinder, a a, in communication with the inside of the 
engine cylinder, and its spring box ¢ and “drum " or 
cylinder gg with the moving part of the engine, the 
cylinder piston, in a a, of the indicator is kept moving 
up and down, and the spring box, moving aluo the 
pencil-rod and pencil /, moves from right to left on ite 
centre alternately. 
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THE BRICKLAYER OR BRICKSETTER. 
THE PRINCIPLES AND PRACTICAL DETAILS OF HIS WoRK, 





QHAPTER III. - 
The Dimensions or Size of Bricks used in Ordinary Building 
Work.—The “ Standard ’’ Sise of Brick. 
Brrore proceeding to this part of our subject, we 
may as well state, with regard to paving bricks, 
alluded to at the end of last chapter, that they are 
yoade of a good quality of soil, and are burned very 
hard, to give a walking-on or working surface capable 
of resisting the wear and tear to which they are sub- 
jected. Probably the best paving bricks are those 


made in Staffordshire, the colour of which is generally . 


some tone of blue, 

The “standard,” or what may be called the “ build- 
ing dimensions” or gize of bricks, are—length nine 
inches, breadth four and a half inches, thickness or 
depth three inches. The relation to each other of 
those determinate and always invariable dimensions 
enables the bricklayer to get in his structures what is 
technically known as “bond.” How this is obtained 
in brickwork will be explained in future paragraphs. 
At one period in our history, and that for a long 
time, bricks were excisable, paying a very heavy duty 
per thousand to Government. In order to enable the 
duty to be levied with ease, a determinate size or 
bulk of brick only could be made; and this bulk was 
regulated by the dimensions that we have named 
above. It so happened, therefore, that no bricks 
could be legally made of dimensions or of form 
other than the solid parallelopipedon of nine inches 
long, four and a half broad, and three inches thick. 
Although it was known that other forms or sec- 
tions of bricks gave great economy and high value 
in construction, brickmakers were entirely precluded 
from any attempts to introduce auch improved con- 
structive forms as had been or clearly could be 
designed. So obstructive to all advance in improved 


brick construction was the excise law, that a strong. 


agitation in favour of its repeal was at last begun, This 


was carried on in face of the difficulties which usually . 


environ such agitationa with varying features; but at 
last the influence brought to bear upon the subject 
was such that the duty was wholly taken off, and 
the designing and making of brickwork left en- 
tirely untrammelled by any external influence. This 
was some thirty years ago, or thereabouts, and since 
that period bricks of all sizes and forms have been 
introduced. It is only right, however, to state that 
the full freedom possessed by the trade has not been 
taken advantage of to anything like the extent or in 
anything like the number of directions which could 
have been taken. Several exceedingly valuable forms 
in a constructive point of view have been from time 
to time introduced, but those have not been availed 
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of to any great extent in sichiis while some have 
been allowed to die out, and are now practically and 
absolutely unknown. ‘Architecta and buildera, with 


advanced and enlightened views as to what brickwork 


construction might be made, have, in fact, found that 
it is much easier to get a law repealed than it is to 
get rid of trade prejudices and trade opposition. For 
not seldom has it happened that the “ trade ”—those 
engaged actually in the work of bricksetting—have 
passed stringent laws and most distinctive regulations, - 
which practically forbade the men to do work in which 
improved and in some instances most valuable forms 
of bricks and modes of construction were used. In 
this connection a parallel case may with some prac- 
tical utility, as being most closely connected with the 
question of technical work and education in this 
country, be here cited, taken from another branch of 
building. The use of wrought-iron beams in fire- 
proof and other kinds of buildings was first introduced 
on the Continent, markedly and perhaps most success- 
fully in Belgium, So valuable were these found by 
architects to be, that it gave rise to a highly lucrative 
branch of work in the iron works of the Continent, 
especially in those of Belgium, Our iron works, with 
their superior facilities, might have had this trade; 
but apart from the prejudices of the masters at the 
firet—which must not be overlooked as an element in 
the matter—when those prejudices disappeared, which 
they soon did, and they were ready to make the beams 
for our own architects and builders, they found for a 
time all progress stopped, simply because the trade, 
that is, the actual workers, forbade the men to make 
the sections required. The result practically was 
that the Belgian iron workers had the monopoly of 
the trade, and this they have maintained at a point 
nc. very far from its original completeness to this day. 
It is difficult to estimate the actual money loss which 
this country must have sustained by our practically 
throwing work into the hands of our rivals and 
opponents in trade. Facts such as these—for they 
are not the outcome of opinions merely—could be 
cited in connection with other branches of our 
national trade, and have given rise to national 
losses of the gravest character, which have influ- 
enced not only the past, but are likely still to 
influence the future career of our technical trades, 
Brick as 0 Building Material, compared with Stene—Estima- 

tion in which each is held Largely Dependent upon Circum- =, 

stances of Locality, the Abundance or the Reverse of the 

Materials. Stone almost universally used in certain districts 

of England, and throughout Scotland. 

In connection with the value‘of brick as a building 
material certain points and considerations are worthy 
of notice here. And in this connection it is somewhat 
suggestive, as it is curious, to note that the estimation ,. 
in which brick or stone is held in any given locality, 


or the relative value assigned to each, is dependent in 
large measure upon the simple fact of their relative 
abundance. Thus, if a district ‘is eo well supplied with 
atone, and this of good or even only of fair quality, 
stone is used aga rule as the building material, and 
brick, if used at all, is used only exceptionally, and 
often for subordinate purposes, in connection with 
stone—such as in the building of interior or partition 
walls; and if used alone, only as a rule for work of no 
great importance. Now, in districts so situated, it will 
usually be found that, not content merely with the 
use of stone with which it happens to be abundantly 
supplied, many of those who so use it seem to think 
it incumbent upon them to deery brick as a building 
material, refusing—as from experience the writer of 
the present lines knows they so often refuse-—-to con- 
sider the relative merits of the two materials upon 4 
sound practical if not on a scientific basis, The con- 
verse of this position of mattera may be supposed to 
exist with equal force. Still some practical experience 
of districts where brick is used on a much more 
extensive scale than stone—in fact, its use being the 
rule, that of stone being the exception—compely us to 
say that, taking matters on the average, we have not 
found that those who use brick habitually think little 
or nothing of stone or greatly decry its use as a build- 
ing material. There is, for example, no case, at least 
within our knowledge, in England parallel tothat met 
with in Scotland. In the latter country stone may 
be said practically to be the only building material 
used, at once for public and for private structures, 
And it is difficult for one who has not come in contact 
with the circumstances connected with daily working 
life there, and contrasted it with the like circum- 
stances met with in the districts of England with 
which they are acquainted, to conceive of the low 
estimate universally taken of brick as a building 
material, Not merely the dwellers in the houses, but 
the majority of those who build them, can apparently 
conceive of no circumstances in which brick could give 
a dwelling-house, for example, so comfortable to live 
_in and so lasting as one built of stone. One hears on 
all sides opinions given with the greatest gravity that 
houses built of brick may do for the warm climate 
of England, but that for Scotland, with its weeping 
climate and its colder air, stone is the only material 
which will give a warm house and materials imper- 
vious to damp. It is forgotten or overlooked that 
not only are winters, if not normally, exceptionally, 
and very often, quite as severe in England as in 
Scotland; while for a weeping and a damp climate we 
are not aware that any part of our island home is 
quite free from it, while some districts in England will 
bear away the palm for rainfall. Still more curious is 
it, that in Scotland in this connection it is quite over- 
looked that comfortable, warm and dry houses are, if 
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not as much esteemed, as greatly necessary in England 

as in Scotland, And we have always been under the 
impression that a fault found with their English 
brethren by Scotchmen is that in England material 
comforts are too much thought of, 


Brief Inquiry into the Claims of Brick to be considered an. 
Eminently Sound and Economical Building Material, Supe- 
riot in many ways to the Ordinary Qualities of Stone,— 
Decay of Stone, 

Apart, however, from local prejudices—which have: 
in daily life a remarkably powerful influence in de- 
ciding the most practical of points connected with 
it—it is from a scientific point of view well worthy 
of inquiry whether brick is a poorer, and as some 
say & much poorer, building material than stone. 
While some materials or substancea are practically 
imperishable (and they are very limited in number), 
the vast majority of those with which man has to 
deal, and with which he carries on his daily work, 
are liable to decay. This indeed may be said to be 
characteriatie of all substances; and although there 
are exceptions, we do not absolutely know that they 
really are exceptions, for the element of time is to 
us only relative, and we cannot tell the limit within 
which those apparent exceptions to a general rule 
would ceaso to be #0. Practically, therefore, decay in 
material substances ia the rule; and stone, although 
we #0 popularly associate with it ideas of a Ilnsting 
durability that if we raise a memento of any event 
in stone we deem it certain that it will be handed 
down to all time. But while thua popularly thought 
of, stone practically is s material liable in many 
instances toa quick decay. This characteristic is, of 
course, relative, and varies in different kinds and 
qualities of stone-—granite being, for example, a much 
more lasting stone than sandstone or somo qualities of 
limestone. Much depends upon the influences to 
which stone is subjected, and of those the atmospheric 
influences are the most powerful in their delcterious. 
action. In damp climates, and in districts where the 
air is largely contaminated with smoke and the fumes 
of furnaces used in certain manufactures, stone of 
all kinds is liable to decay, and in the majority of 
instances this is rapid and complete. 


Decay of Bricks,—Superiority claimed for Brick in this 

respect compared with Stone. 

Brick—and here we assume that it is at least 
moderately well made, of a good average quality, just 
as we assume, in comparative observations between 
it and stones, that the stones used are of average 
if not of the best quality—brick is also liable to 
decay. But if the results of observation of ancient 
work be worth anything, then this may be fairly 
challenged for brick, that is less liable to decay 
than stone. 
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THE LEADING PRINCIPLES AND PRACTION OF THE AnTr 
oF FAMILY GAEDENING. 





OHAPTER II. 

Points to be attended to in organizing a System for, and in 
laying out, the Cottage Garden, to meet Contingencies of 
Geasons, Diseases of Crops, eto, 

In laying out his garden the labourer or cottage 
gardener should aim at growing as great a variety of 
crops as posible. It is a great mistake to confine the 
produce to one or, at the most, two kinds of crops, 
such as the two popular or normal crops of ordinary 
gardens—potatoes and cabbages, This is not a 
syatem calculated to make the most of the garden 
ground. A variety of crops brings with it more 
advantages than one, In the first place it is a 
prudent system which has several crops under cultiva- 
tion, The seasons vary very much with us, as we 
have all but too good~—or too bad or powerful—reasons 
to know. But varying as they do, and thus being bad 
one year for a certain crop, they may be good for it in 
the year following. Thus it is that one season, bad 
in its effects upon one crop, will be beneficial for 
another; and thus if the garden is growing several 
crops it will be strange indeed if all of them are 
failures, Some will be very good, others will be 
moderately good, while those which are decidedly bad 
may be few in number, or but one or two at the most. 
Again, there are causes of crop failure other than the 
seasons, such as diseases, insect peste, and the like, 
which act ax prejudicially as an untoward season, It 
is possible, indeed, that these diseases—even perhaps 
the ravages of the insects—may be caused by, or at 
least greatly influenced by the seasons, and thia in 
the Jutter case we believe to be the case. But look- 
ing at diseayes and insect pests as separate and dis- 
tinct scourges, quite apart from the scourge of an 
untoward season, it will be found, in the practice 
which gives a variety of crops to the garden, that while 
an insect pest, for example, which comes one season 
destroys one set of planta utterly or nearly so, another 
crop or crops will be spared; while others may be 
ouly partiully attacked, and a minimum of loss be the 

result, 


Economical Advantages of Variety in the Vegetable Cropping 
of a Cottage Garden, 

But altogether apart from the economical aspect of 
the system of variety in cropping, which may avert 
the total loss of all crops if one or two only be culti- 
vated, there is still another advantage to be obtained 
by having more than one or two crops, and that the 
same year after year. And this advantage is very 
great in a health or physical view of the question. 
For all physiologists and physicians agree in this: that 
variety in food is, or what are called “changes in food ” 
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are, benéficial to the ee Further, we are all so 
constituted that each individual has his own likes and 
dislikes. And eome members of the cottager’s family 
may be greatly gratified, and indeed be much the 
better physically, by having now and then a vegetable 
he or she may like vastly better than the usual or 
ordinary vegetables grown in all gardens, And as the 
happiness, at least the comfort of life, ia made up of 
little things, why should this little thing be with- 
held? A good and wise and kind father will, in 
witnessing the gratification of his wife or children at 
having this little thing accorded, be gratified him- 
self. And it is a question whether this be a “little 
thing,” after all, We are inclined to decide that it is 
anything but that, and the principles of physiology and 
those perhaps of something higher than this, seem to 
favour the accuracy of our opinion. But there is still 
more to be said in favour of the system of gardening 
which insists upon variety of cropping. In some, if 
not in many instances, a cottage gardener may have 
ground sufficient to raise crops more than enough to 
supply his own wants. Now, as the principle of 
“likes and dislikes” to which we have alluded 
applies universally, if our cottage gardener has, as 
in the above supposed case he will have, extra pro- 
duce to dispose of to his neighbour, he will be able 
to secure a sale for all his produce, inasmuch as he 
will be able to gratify a wide variety of tastes, And 
it may be taken asa rule with few exceptions to it, 
that what is the more novel or out of the common 
way of produce fetches a higher price, And it 
may happen that some of the better, or at least 
richer, clagses of the neighbourhood, although they 
have gardena of their own, may, through neglect, 
forgetfulness, or the influence of the jog-trot style 
of garden cropping which admits of no variety, not 
have grown some vegetable of which nevertheless 
they may be specially fond. And it may happen that 
our cottager, with his “variety system,” may have 
grown it—in which case he may make sure of getting 
a higher price for it than he otherwise would. 
“ Fancy things” bring “fancy prices,” and these are 
very beneficial to the purse; and the purse of the 
labouring cottage gardener is not usually so well filled 
as to muke even an occasional good extra sum a 
matter of indifference. 
Advantages of Variety in Fruit and Flower Culture. 

The same principle of “variety” should dominate the 
selection and cultivation of fruits and of flowers, And 
as regards the latter, we should earnestly advise the 
cottage gardener to pay great attention tothem. One 
great advantage which flower cultivation possesses is 


that while attention to the flowers is required to be 


continuous or constant——for they must never be neg- 
lected even for short periods of time—this attention 
necessitates no hard work, nor requires the great, 
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physical strength which much of the work of vegetable 
cropping demands, Henoe the wife can give occasional 
help in flower cultivation; and indeed she should, 
as @ matter of health and mental culture, make a 
point to do something of the flower-plot work. The 
children, almost the very youngest of them, can also 
do a great deal of useful work in this way. And 
with them the physical and mental good to be derived 
from it is sach, that it would be well worth while for 
the “ house-mother” or the “ bread-winner” of the 
cottage to insist upon this work forming part of the 
discipline or necessary work of it. 

But the light work of wife or children given to 
flower growing and flower tending will pay; and that 
isa point not in any wise to be despised by the cottage 
gardener, or indeed by any one, in connection with 
work done, A true man is thankful for material 
benefita arising from work done, none the leas, pos- 
ably all the more so, that he is thankful for the 
mental or moral ones which flow also from it. And 
for flowers there is always, and in all neighbourhoods, 
@ great demand, and this demand is ever increasing 
with the supply—for “flower love” grows by what it 
feeds upon, Almost the very poorest can afford now 
and then a penny for a bouquet or a “ nosegay,”— 
and the cottager could contrive to give out of his 
flower plots a goodly-sized nosegay even for a penny, 
and:a goodly number of them as well—although got 
out.of but very tiny flower plots. We have known 
instances where the younger branches of the family 
have, by the sale of the flowers of their little plots 
during the flower season, stored up as much as bought 
them comfortable shoes and warm stockings for the 
drear winter time, when under its biting winds and 
frost and mow the beautiful flowers die down—only, 
however, thank God, to spring up again next season 
es bright and beautiful ag ever. Now, “every 
little makes a mickle,” and fortunate the cottager 
‘who sees through and through this proverb and 
learns the wisdom that it teaches. And we know of 
no system of gardening £0 suited to the getting in 
of “littles,” as that which has “ variety” for its base 
of cropping, whether that be of vegetables, fruit, or 
flowers; and simply because the system creates so 
many Littles. And as in vegetables, as we have seen, 
£0 it is in fruit and flowers,—one season is not so 
variously and decidedly bad that it kills or injures 
every variety of produce; some will be sure to 
escape, and those some may keep the garden from 
being a total loss—be, in fact, so prolific that a 
profit may, even in a bad season for other varictios, 
be the result. 

Detailed Points in Wariety of Vegetable Cropping of the 
Kitehen. Garden.—Value of Herbs or Pot Harbe, in the 
Household, and for-Sale, 

In connection ae this system of “variety in 
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cropping,” let us glance at some points which will still 
further illustrate and enforce its value—a value which 
from our experience we should be inclined to say can 
scarcely be overestimated by the thoughtful Cottage 
Gardener. And what we have to my further may 
convey something of value to those whose more for- 
tunate worldly circumstances render the possession 
of large gardens to their houses a matter of positive 
or comparative ease: to wit, that other class which 
comes under our title—the Villa Gardeners, 


Cultivation of Herbs in the Cottage Garden.— General — 
Remarks 


The first point to which we shall direct the atten- 
tion of the reader interested in the simple, yet ever 
pleasing and generally in every way profitable work 
of the cottage garden, is that of herb culture, Of 
the uses and the economical value of these some of 
our readers may not be aware, or fully aware, 

To many indeed, especially those resident in the 
southern parts of the kingdom, much of what we 
have to say will be nothing new; but to nearly all 
who reaide in Scotland it will be wholly ao, as not 
only are herbs there as a rule unused, but they geem to 
be disliked by the majority. This is certainly a matter . 
of regret,—not so far as the better classes are con- 
cerned, because they have many ways of making up the 
deficiency; but assuredly it is 80, so far as the labourer 
is concerned, inasmuch as their use tends greatly 
to the economy of cookery, and also unmistakably 
to health, Many a toothsome dish can be made 
out of very cheap materials, by the addition of one 
of other of the many herbs which can be cultivated 
even in the smallest of gardens, with aa little trouble 
and as little cost; which dishes would otherwise 
be very tasteless, if indeed they would be worth 
the making. Toa north-country person it would be 
a matter of surprise to see the great variety of herbs 
which are often found in: the cottagers’ gardens of 
England, and to become acquainted with the number 
of ways in which they can be applied, as tempting 
and healthy adjuncts to various dishes. 

The cultivation as well as the use of herbs, indeed, 
may be said to be almost a science, if such a term 
can be used concerning what will appear to some 
to be a very trifling matter; for cach dish in 
many cases has ita own perticular herb, which is 
used along with it. No doubt, in many cases the 
taste has to be acquired, but this we should think 
would be easily done, as they are almost always 
delightful addenda to the dishes; and from what we 
have said about it, the acquirement should be culti- 
vated—and to make a poor pun, #0 should the herbs 
themselves—~in the cottage gardens of every labourer 
in which they have not hitherto had a place. (See a 
chapter on the science of cookery in the series of papers 
entitled “ Domestic Service as a Technical Calling.”) 
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Hs Wort ™ PRODUCING IN BULK, VEGETABLES, FRUIT, 
AND FLOWERS, 





OHAPTER L 

| Introductory, 

We are all apt, naturally, and in one sense legiti- 
mately, to overestimate the importance of our own 
peculiar calling, or business, as that by which we live, 
and in the progress of which we seem alone to be 
interested. But, apart from such general considera- 
tions as are connected with the relationship existing 
between the various classes of work by which industry 
is promoted and the wealth of the people created, 
the dependence which one has upon the other, the 
close-set links which bind the whole together in one 
common intereat—the welfare and well-being of the 
community,—apart from all this, those branches of 
work connected with the production and the prepara- 
tion of food for man (and of those the arts of production 
the first) necessarily take precedence of all the other 
branches, Necessarily ; for man must live,—he works, 
indeed, to live; “livea to work and works to live,” as 
it has been so well and antithetically put; so that it 
is absolutely true that all the other arts are subsidiary 
to those which concern themselves with the food sup- 
plies of man. Hence, agriculture has been called 
“the nursing mother of all the arts,” and “ars et 
artium,” the art of all arts, The same may be said, 
although in a modified sense, of gardening, and more 
especially of that class or style of it which concerns 
itself with the supply of vegetables, 


Distinction between General and Market Gardening. 

The distinction between ordinary, or what is 
generally known as gardening simply, and market 
gardening, lies not so much in the fact that ordinary 
gardening embraces all varieties of culture, fruit as 
well as flowers, and vegetables as well as both fruit 
and flowers, as in thia,—that even if gardening, as in 
cottage work, concerns itself only with vegetables, 
produced in number and individual quality on the 


amall scale fitted as a rule for the consumption of a: 


family, market gardening is, as a rule, confined to 
the cultivation of vegetables, but those on the largest 
scale, and that requiring from five up to fifty, and 
even more, acres of Jand for their production, in pro- 
portion to the demands of the population of the cities 
and towns in the immediate neighbourhood of which, 
OF as near as can be conveniently arranged, the 
market gardens are situated. While the crops of the 
market gardener are comparatively few in number, 
the bulk of produce of each crop is in all cases large, 
and in some cases what may with all truth be called 
enormous. 

But in addition to the supply of vegetables on this 
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large or largest écale, commensurate with the great 
demands for them created by an increased and ever 
increasing population, there are two other features 
connected with the art of market gardening to be 
noticed here: the first is the methods of culture 
adopted in order to produce crops which come to early 
maturity; and the second the methods by which crops 
are taken from the land in rapid and continuous 
succession. 

The Production of Vegetabies, ete., Early in their respective 

Ronsons « Special Feature of Market Gardening. 

The first of these two features is one brought into 
existence by the growing love of vegetables amongst 
our people, and by the natural desire there is to begin 
as early as possible in their respective seasons to enjoy 
them in all the freshness of their novelty and health- 
giving qualities, No doubt, a large element in this 
matter is that of the emulation of the rich and luxuri- 
ous of our population one with another—many of whom 
care more for the fact that they can have at their 
tables the earliest productions of our gardens, the cost of 
which elevates them to the rank of luxuries, and the 
more costly their price the higher in this rank they 
occupy—which are possibly more thought of and by 
some envied as such, than from any real gratification 
of the palate in eating them, or for any benefit they 
may give in a health point of view. For the earliest 
of our crops—known often as forced—-are by no 
means the beat, either in point of flavour or in the 
real vegetable value which only proper and what may 
be called naturally produced maturity can give. Be 
all this ag it may, and be the reasons for the exiatence 
of this social fact now noticed true and sound or not, 
there does exist a strong and in one sense a universally 
wide desire on the part of the people to have as early 
supplies of vegetables in thoir recurring seasons as 
possible, and amongst the rich the very earliest, And 
our market gardeners are not slow to avail themselves 
of the opportunity thus afforded to get high prices for 
such crops as they can put into the market at the very 
earliest period of the year in which such crops are, 
ag they are termed, seasonable. To secure this trade 
some market gardeners take great pains and go to 
large expense. Some make it a point of pride, to say 
nothing of that of profit, to be, if not absolutely the 
first, amongst the first of those who appear in the 
market with their produce. They, in fact, carry out 


this principle in business so thoroughly, that they only 


concern themselves with the growing of the earliest 
possible crops, and retire from their sending of crops 
of the same kind into market when their price comes 
within the category known as “ moderate.” 

may virtually be said to be producers of high-priced 
early produced crops only; doing little to supply the 
market with the same crops at what may be called 
the general period of sale or supply and consumption. 
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A Quick Succession of Crops another Feature of Market 

No doubt all market gardeners aim at getting 
early crops, if only for the reason that if but 
moderately early they will secure for them higher 
prices, but chiefly because they wish their land free from 
them as soon as possible, so that it may be occupied by 
aome other crop which comes next in succession and 
in popular demand. This, the second special feature 
in market gardening to which we have alluded, is one 
to which great and most marked attention is paid in 
its practice. It is true that taking a succession of 
crops from the land is a part, or should be a part, of 
gardening as practised in the ordinary way and on 
the usual limited~-more or less—ascale (see “The 
Cottage and Villa Gardener”). But this principle of 
succession is carried out in market gardening on a 
scale and in a way so complete, thorough, and withal 
so rapid, as to make its practice an almost totally 
different thing from that which distinguishes it in 
ordinary gardening. In the market garden the 
spectator will see men occupied in removing the crop 
from one end of a plot of land, while he will 
notice others who will be engaged in digging and 
preparing it for another crop, while yet others will 
be sowing the sead for it, or transplanting the plants 
on the ground already and so rapidly prepared. This 
quick succession is a necessity of the syatem of market 
gardening; and arises not merely from the desire of 
the gardener to get as quickly as possible into the 
market the widest possible variety of vegetables, but 
also from a no less ardent desire to make the most of 
the land and to reduce thus the coat of its rental, 
For, from the very circumstances of the case, the rent 
of land let for market gardening is much higher than 
that of ordinary or house-garden land, and greatly in 
excess of that let for ordinary farming. The details 


connected with these, the two leading features of | 


market gardening, will be dealt with in succeeding 

chapters, and will, in fact, embrace all that has prac- 

tically to be given in connection with the art. 

The Consumption of Vegetables a comparatively Recent 
Feature in our Domestic Life.—Brief Notes on the History 
of the Introduction of Vegetables into England, 

Although it may seem somewhat strange to some 
of our readers, it ia nevertheless the fact, that not- 
withstanding the important place which vegetables 
now occupy in the supply of the material wante of the 
people, they are of comparatively recent introduction 
amongst us. .As we have received more than one of 
our leading industrial arta from the Continent, so also 
from there did we get our vegetables. And of the 

Continent the part most famous for ite industry, as 

it was also famous for its art—that, namely, so long 
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known as the Low Oountries, now constituting 
Holland and Belgium-—-was also celebrated for its 
highly cultivated farm lands, and ‘for ita luxurious 
and bountifully cropped gardens. And this at a 
period in the history of weatern Europe when with 
us farming did not deserve the name which it now 
possesses amongst us, of an art based upon science; 
and when vegetables were almost wholly unknown 
to us,—-not merely not in cultivation, even on the most 
limited of scales, but not known to the great bulk of 
the people as articles of food. It was at this period 
only the very richest who could indulge in vegetables, 
and those, few in number and exceedingly scanty in 
supply, were chiefly imported from the Low Countries 
we have just named, And, from the infrequent 
Opportunities and the necessarily slow transit from 
one country to another, as well as from tho quickly 
perishable character of the produce itself, it will 
easily be seen that what very limited consumption 
there was then amongst our rich people—to whom 
alone, from its costly price, it was accessible—must 
have been confined to the Metropolis and to those 
few ports which carried on the then exceedingly limited 
trathc existing between the Low Countries and our 
island. 

Brief History of Vegetable Culture—England continued. 

As the monks and religious houses were for long 
and truly “dark” ages the conservators of all which 
now constitutes our polite or civil learning, so aluo 
were they the pationt conservators of all which came 
down from the agriculture and gardening of the 
ancients, a8 well as the promoters and introducers-— 
in the first instance—of those garden crops which we 
now call “ vegetables” and “culinary herbs.” It was 
from the carefully, and we may in all truth say 
lovingly, cultivated gardens of the monasteries, 
that the knowledge of and the best method of 
producing vegetables and herbs spread amongst the 
people, just as it was in the case of the farm lands. 
A few indeed of the methods, which some amongst 
us pride ourselves upon as the products of the ability 
and knowledge of the nineteenth century, were 
introduced, and long successfully carried out, by the 
monks, In atating all this the reader will do us the 
justice to believe that we are only actuated by a desire 
to give information to some of our readers who may 
be ignorant of it—to give “honour to whom honour” 


is really due, It is a poor mind which cannot see, a 


still poorer which when it sees cannot gladly if not 
gratefully acknowledge, merit even in one to whom 
he is opposed. It was only about two hundred years 
ago that vegetables began to be cultivated for profit— 
in other words, that market gardening took a practical 
place amongst our industrial arts, 
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CHAPTER ITI. . 
‘Buoyancy of Floating Bodies.—Reiation of Bulk to Weight 
of and to the Displacement of Water by Bodies. 

In preceding paragraph but one’ we concluded by 
stating thet the upward pressure ef the water, re- 
presented by the arrow & in fig. 1, is always, equal 
to the weight of the volume of water displaced by 
the body, and while the bulk of the body remains 
constant the preasure upwards will always be con- 
stant. But while the bulk or volume of the floating 
body e/g h remains constant, the weight may vary, 
and that very materially. If the weight of the body, 
represented by ¢/g A, fig. 1, be equal to the weight 
of the volume ¢ fg h of the water which its bulk dis- 
places, the weight which gives it what may be called a 
ainking or dropping force, in the direction of the arrow 
i, ia balanced by the equal weight represented by the 
vertical arrow &, and which is due to the weight of 
the displaced water. The two forces being thus equal 
and opposite, the body ¢ / g / floats, and does not 
sink, But if we suppose now that the body «fg h, 
atill ‘maintaining its SuJk constant, is made of a 
much denser material than’ before, its weight is just 
so much the greater; but the bulk remains still the 
tame, and the aame volume of water is. displaced as 
before, and the pressure due to the weight of this 
. is also as before. If we take twenty pounds to 
‘represent.this, we have in the greater weight of 
the new body, which we suppose to be forty 
pounds, an excess of twenty pounds; so that the 
body no longer floats, but sinks, or sinks deeper, 
and this to a depth corresponding to the proportion 
which exists between the weight of the body and the 
weight due to the displacement of the water by its 
bulk. 

A log of timber or pert of a tree of great 
, Genaity or weight as compared to ite bulk, aay teak, 


inks to a certain depth when placed in water; a 


log or part of a tree of a less dense or lighter 
character, such as pine, floats, although both logs 
are of thé same bulk. But the reason why the one 
sinks and the other floats, the young reader will 
now perceive is owing to the fact that the teak log 


displaces a volume of water the weight of which | 


is less than its own weight, and which has not, 
therefore, a pressing or holding-up force, as repre- 
_ sented by & in fig. 1, capable of balancing the force 
of weight or gravity of the teak, represented by the 


arrow /, while the pine floats for the converse reason : 


ita ‘bulk—the same as that of the teak 


the same volume of water as the teak, but the weight 


of this volume is so much greater than the weight 
of the pine log, that it has an excess of pushing or 
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holding-up force to spare, so to put the point fami- 

liarly, which therefore goes to keep the log floating. . 

3 Buoyancy of folid ani Hollow Floating Bodies, : 
But if we hollow out the solid teak log a in fig. 2, 

which sinks, as at arrow 6, stopping short at the 





Fig. 2 


ends, as ate d and at fg, to prevent the water from 
entering, we thus alter it and lessen its weight, 
while we still keep its bulk the same. And this 
latter being maintained, we have the same pressing 
or holding-up force due to the displaced water as 
before. And if we hollow out the log sufficiently, 
we can so far lighten ita weight that this will be 
so much less than the weight of the volume of water 
which its bulk displaces, that the log, heavy to sinking 
before, may float high out of the water. By thus 
lessening the weight of a body placed in water, we 
are said technically to increase its “buoyancy.” We 
can even suppose that a solid bar of iron, as 
at a, fig. 8, which would sink instantly if placed 
in water, because ita weight would be infinitely 


greater than the weight of the volume of water | 


which its bulk — «mall compared to the weight 
—- would displace, might be «so hollowed ont 
after the manner of the supposed teak log in fig. 2, 
and as shown at 6 o in fig. 3. The point here 





Wig. & 
graphically illustrated shows how a vessel made of 
iron floats as safely, if well designed, as one of 
wood, and explains, what has bean a puzzle to many, 
how iron-——with which is always associated: in the 
popular mind the idea of sinking, absolute inoapa- 


bility to. float in water—can be used for a purpose 


for ‘which light wood was at one time only employed. - 


A vessel or body ef exactly the mme aise and shape. 
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as sbofy in fig, 3 would float also ; but to make it 
float at the same level or height out of the water as 
at the line do connected with d¢, it would require 
to: be precisely of the same ‘weight as the iron vessel 
befg. -And this weight in the wooden vessel might 
be got by baving ita sides very thick, or heavy weights 
might be placed inside it. Hence it is that an 
earthenware basin will float at the same level, or, 
what is the same thing, will sink to the same depth— 
and thia will be in precise proportion to ita weight 
—as a wooden mincemeat or butter-making bowl, 
provided only that this is of the same weight ‘as the 
earthenware pot. If one is lighter than the other, 
the lighter will float the higher out of, or sink the 
leas into the water, and it will displace a leas volume 
and weight of water. 

Floating Vessels,—-The « Plane of Flotation.” —The 

éa Load Line,”’ 

The student must keep clearly in mind that it 
is the actual weight of the body floating in the water 
which is’ the measure of the weight of the water it 
displaces, and is in turn the measure of the upholding 
forces or pressure sustaining the body in the water, or 
helping it, 20 to say, to float. A body weighing twenty 
pounds, preased or forcad into, will just displace twenty 
pounds of water, whether that body be dense iron or 
light and porous cork; but, as every one knows, the 
mass or bulk of the cork will be vaatly greater than 
that of the iron; and, as we have seen, a body dis- 
places precisely the amount of water equivalent to its 
own bulk, the cork being so much bulkier than the 
iron, displaces more water; this of course presupposes 
that the cork was plunged into the water as above 
named, for under natural circumstances, and considered 
asa floating body, it would not sink of itself till it was 
wholly immersed. But to enable a body to float, as 
in the position at 6 ¢ fg, or in « line coincident 
with the level of water, d ¢, diagram 3, it must be 
exactly of the same weight as the volume of water 
which it displaces; for if it be lighter than the 
displaced water, it will float the higher. And thus 
the young student will perceive why, when a vessel 
is designed so as to float—or, as the technical term 
is, ‘to draw so much water"—when loaded with 
its cargo at a certain line, as 5 ¢, in relation to 
the level of water d ¢, it will float just so much 
the higher when part of ite cargo is taken out, and 
it will then float or rise out of the water so much 


the higher’ in proportion as the cargo is removed, 


The weight of a veesel practically includes everything 
which it carries, its own weight as well; and the 


weight of the water which it displaces is always the 


measure of ite weight. We thus have, as already 
incidentally alluded to, a ready means of knowing 


‘the weight of o vessel with all ite cargo, or what- 


ever it has “on board,” as the technical phrase is. 
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We have only to calculate the cubical contente- 


cubic feet—of the part immersed, as the part 6 


fg ¢, fig. 8, and multiplying this by the weight 
of a cubic foot of the water in which the vessel 
floata, we have in the product the weight of the 
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vessel and all it carries. The weight of a cubic. 


foot of sea or ‘salt water” is sixty-four pounds, that 
of river or “fresh water” a little over sixty-two 
pounds. Hence, as the sea water is the densest, 
it exercises a higher holding-up or floating power 


on a body placed in it, so that a vessel which with 


its cargo floata at a certain height above the water | 


will, if it passes from the sea to a fresh-water river, 
sink deeper or float lower; and this because the 
fresh water, being leas dense—lighter—than the sea 


water, has a leas upholding or floating power. The 


line d@ ¢, in fig. 8, is called the “plane of flotation,” 
and the depth, as f g /, at which the vessel floats 
when loaded with its cargo, gives a line called the 
“load line,” and the height of the aides of the 
vessel above this line, as between the horizontal lines 
d «and A, is called the “free board.” The young 
reader who has had opportunities of watching the 
water traffic on such a river as the Thames must 
have noticed the barges, which have so little “ free 
board” that even the very low waves, as the “ swell ” 
from the paddles of a steamer, will wash over the 
deck from side to side; and he will be able to tell 
from the extent of “free board” of sea-going vessels 
whether they are “loaded” with their cargo, or are 
empty, that is, have only their “ ballast” as cargo, 
By referring to the early paragraphs of the paper 
in this Journal entitled ‘The Technical Student's 
Introduction to the Principlea of Mechanica,” the 
reader wil] see that all matter, whatever be its con- 
dition, whether that which by common consent we 
agree to call solid, or firid, or liquid, or aeriform, or 
gaseous, has its phenomens regulated and controlled 
by great laws, two only in number—attraction and 
repulsion, Bodies floating in fluids, of which water 
is the fluid with which men have practically to deal 
in doing their mechanical work, are therefore under 
the operation of the law of attraction of gravitation, 
and exhibit the same phenomena, although under 
different circumstances and conditions, The points 
connected with the centre of gravity (explained in 
various peragraphs in the paper entitled “The Tech- 
nical Student in Mechanics”) apply to floating bodies 
with which man has to deal in carrying on the busi- 
ness and supplying the wante of his daily life, in the 
transport of materials from one port to another by 
the medium of the sea or of rivers and canals— 
those floating bodies coming under the generic terms 
of “ships” or “vessels” and “boats,” the power by 
which boats and ships are passed, forwarded, or pro- 


pelled from one place to another being either that of 
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oars, sails acted upon by the wind, or of steam. The 
conditions of safety, convenience of working or han- 
dling, and the facility with which changes from one 
place to another can be made, depend upon three 
things: first, buoyancy; second, stability; third, epeed. 
It is with the first two we have here chiefly to deal. 


Buoyancy and Stability of Floating Vessels or Boats or Ships. 


First as to “‘buoyancy.” And here the young reader 
will again perceive what lessona may be Inarned or 
suggestions given by inquiry into the derivation of 
technical terms, Thus the term buoyancy—by which 
every schoolboy almost intuitively understands the 


tendency which bodies have to float or be kept up in 


or raised out from the water—is derived from the 
French word bouée, meaning a “float,” or what we 
call by a name almost identical in sound and spelling 
—buoy,” that is, a floating body anchored at some 
particular spot to indicate the position of some 
obstacle or danger to sniling vessela. And thia word 
bouée is itself derived from bote, which in the French 
Janguage means wood or timber. Just as if in early 
times our ancestors, having wood so readily at hand, 
and comparing it with stones and other heavy bodies 
which sank in water, conceived the idea that wood 
was the only body which floated, or would not sink— 
or at all events that this material. was the one with 
which they had in their work chiefly to deal, aa com- 
pared with atone and iron, and therefore took it as the 
emblem of the power to float or keep from sinking. 
We have seen in preceding paragraphs upon what 
principles the “buoyancy” of s body placed in water 
depends—the displacement of a volume of water, and 
the weight of that volume, The ‘centre of buoyancy” 
of a flouting vessel is a point coincident with the “centre 
of gravity” of the body or the mass of water displaced 
by the vessel, as the point A in diagram 5, presently 
to be given, It will be seen from what has yet to 
be stated that this position of the centre of buoyancy 
flows from or is a consequence of the condition 
of the forces acting in the case of a body floating in 
water, The “stability” of a buoyant body or of a 
vessel floating in water depends, then, upon the relation 
of the form of the body to the body or volume of 
water which it displaces. Both of those are acted 
upon by the attraction of gravitation, or, to use the 
simple term, gravity, and in both the points connected 
with the ‘‘ centre of gravity,” as explained in the 
paper on “The Principles of Mechanica,” are illns- 
trated. The reader will there learn how “ stability,” or 
the firmness in position (the word being derived from 
the Latin stabtitvase, and this again from stabilis, 
which means firmness) of .a body normally at rest 
depends upon the form of the body and the relation 
of the cantre of gravity to the base upon which the 
body reste—that is, the plane surface forming its 
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foundation, ‘The water in which @ body foata is 
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mobile, and therefore easily admits of the change af 
position of the body ; for, as the pressure of a fluid is 
equal in all directions, as we have already shown, so 
movement of the fluid in all directions is equally eusy ; 
it thus gives way, so to say, in any one direction to a 
pressure or force exerted upon it as easily as it does in 
another direction, The water in whieh a body floats 
presses equally upon that body in all directions, so that 
any body which is of the same weight or specific gravity 
(for this latter term see also the’ paper above named) 
aa the water in which it floats is at rest in every 
position, and no matter at what depth of water it 
may be. The young reader, therefore, who studies 
what will be given elsewhere in thia work under the 
head of the “centre of gravity,” and what has been 
here said under the preceding paragraph, will see how 
the stability or firmness of position under pressures or 
forces acting from either side, end tending to push 
them over or aside in the directions of the horizontal 
arrows, will be different in the different floating bodies 
ehown in diagram, fig. 4, the centres of gravity of 
each being indicated by the points a, ,candd, But 
we have said that the stability of a floating body 





Fig, 4. : 
depends upon the relation which it has to the body 


of water which it displaces. We have seen the 
mechanical advantages of considering that a force 
such as that of gravity acta upon a single point only 
in the body, although of course it acts upon the 
whole body; and this single point is called « “centre,” 
sa the centre of inertia, cantre of percussion, and the 
like. We have in like manner the “centre of buoy- 
ancy,” to which we now direct attention. 


The Centre of Buoyancy. 

We know that the centre of gravity of any body is 
found on a line which is vertical and pointing to the 
centre of the earth, Thus the lines a g, 6 A, o¢ and 
dj, in diagram, fig. 4, are thoze on which the centre 
of gravity lies. Those bodies, then, are forced, as it 
were, downwards, or have a tendency to sink in the 
direction of the lines a g, 64, etc. But we have said 
that the volume of water displaced by any body 
preases (see & preceding paragraph) upwards upon the 
floating body as on the base 7m in diagram, fig. 4, 
with « force equal to the weight of the volume, which 
is the same in amount as the weight of the floating 


body. 
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Fig. 29, Hig. 28 | 

_ ' @Gontinustion of Subjects for Copying.—Vases and Fruit. ornamental subjects, we now come toa beautiful simple 
In continuation of, our examples for “copying,” form of a Greek vase (fig. 26 ante, p. 201), which itis 

and serving also as based for work in designing of hoped the student will very carefully draw, and study 


, $22 
the form. It is drawn the size of the original, as is 

fig. 25, and like it is made of light red earth, snd _ 

- anglased. 

‘Fig. 27 is a small Phomnician vase or jug with one 

handle. It has two lines round the neck, and two 


more below the handle; there is also a line running 


ast ‘ 
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aSave ike: verde! liaea ‘Tk is drawn. the same sito 
as the original, and a shows plan of upper surface of 
mouth. Figs, 29, 30, 31, and $2. are outline draw- 
ings of froit from nature, which we hope the atudent , 
will very carefully copy. Figs. 29 and 80 the apple, 


side and top view, fig. 31 a lemon, and fig. 52 @ 


round on the flat part of the top; they are of a 


Fig. 82, 





- Fig. 81. 7 
brown colour, the clay is a warm drab.’ Fig. 28 is 
also a Phoenician jug, but very dissimilar to the last ; 
the neck is decorated with irregular bands drawn 
round it, while the lines on the body are vertical, 


The Atndent'y First Studien in Ornament. a 
Figs. 88 to 98 inclusive tring before the student 
his first study of ornament. Figs, 38 and'34 are the | 
well known moulding called the %egg and tongue,” 


running into a broad band round the middie of: the 
jug, and not continued below it, the lines below | 


slternate—that ia, there is blank space below and, 


or “egg and dart,” in ordinary practios; in architeo- 
Carel wotks sad in Jectares on ornament it is called 
the “ eohinas" moulding. : 
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THE GRAZIER AND CATTLE BREEDER AND 
FEEDER. 


‘Te TECHNICAL POINTS CONNECTED WITH THE VARIETIES OR 
BREEDS OF CATTLE--THEIE BREEDING, REARING, FEED- 
ING, AND GENERAL MANAGEMENT FOR THE PRODUCTION 
or BuToussrs’ MEAT AND OF a PRODUOR, 





OHAPTER V. 
Iw continuation of the early history of the shorthorn 
breed, in the last paragraph of the preceding chapter, 
we have now to note that the place next to Bates, and ae 
many maintain, in precedence of him, in the practical 
work of breeding was taken by the great rival to 
his fame—John Booth of Warlaby, whose career 
also as a great prize-winner for improved shorthorns 
began when, or about the time when, Bates had 
retired from the scene of his triumphs in this direc 
tion. The Booths as a family had long been held 
by the farming public, especially that of Yorkshire, 
as shorthorn breeders of distinction. The herds of 
Killerby and of Warlaby, destined to become so 
celebrated, and the founders, 60 to say, of a school — 
that of the “Booth blood,” the adherents of which 
still keep up a rivalry more or less keen with that of 
the opposite camp, the “Bates blood”—were founded 
go early asthe year 1790 by Thomas Booth of Warlaby, 
who at that period had cows of the breed of a very 
high class, though, like some of the animals of other 
breeders, they could boast of no recorded “ pedigree.” 
But Booth got for his herds one of the best bulls 
of Robert Oolling, and hired other well known bulls 
of the Bampton breed. At the Ketton sale of Oharles 
Oolling’s herd, already alluded to, he purchased, for 
no less a sum than two hundred and seventy guineas, 
the bull “ Pilot,” of the “ Wellington” strain, and 
this animal turned out to be one of the best bulls 
Booth ever had. After this he always bred the 
bulls in his own herd from this blood. His sons 
Richard and John took up and followed out the 
breeding which their father had inaugurated. Richard, 
after his father’s death, removed to his father’s farm 
at Warlaby, and took up the herd which had there 
been established by his father. John farmed at Kil- 
lerby, at which place, with his father’s experience 
and help, he established a herd. In 1834 Richard 
sold his herd, and his brother John began soon 
thereafter to take up the highest position as a prize- 
winner of the breed, from which position he retired 
in or about the year 1857, Of the founders of thege, 
the two great modern schools of shorthorn breeding, 
Bates went in for fineness, indeed elegance of general 
form, and spirited, or what is called high-bred or fine 
' attion—that is, poss and gait; the Booths made their 
great points compactness of frame, with great depth 
‘or thickness of flesh, the high development of the 
fore fank being & marked peculiarity of their best 
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bred animals, Time and space both failing us, we 
regret exceedingly that we cannot give any of the 
details of the work done by, nor note the various steps 
in the progress of, the great breeders we have now 
glanced at. Those of our readers who are anxious 
to know more than we have given will find a vast 
deal of most interesting information, both as regards 
historical and practical pointe, in works specially 
devoted to the branch of farming connected with 
live stock or with cattle. We proceed, therefore, to 
take a somewhat detailed glance at the 
Peouliarities or Physical Characteristics of the Shorthorn 
Breed of Fattening Cattle. 

The shorthorn ox of which we gave an illustration 
in fig. 1 (see preceding chapter) is pre-eminent for his 
fattening capabilities coming to maturity at a- very 
early age, giving the largest yield of saleable meat 
at the lowest cost. His frame is large, with all the 
points well set and developed, most favourable for the 
laying on of beef, giving the best and finest cuts, 
The legs are short and well set in the frame, giving 
a full development of the chest and vital region; the 
bone of the fore-leg below the knee fine and well 
turned, and where it joins the body at its upper 
part the fore-leg—technically called an arm—broad 


‘and tapering, merging into and level with the girth. 


The hind-legs should be straight, or nearly so, and 
well placed under the body. The set-on of the legs 
in conjunction with the well-developed frame of a 
fine well-bred shorthorn give a stateliness of general 
dimension—in its pose and walk what horsemen would 
call “fine action "which is looked for in those who 
choose good or the best animals, The head should 
have a tapering muzzle, broad open forehead; while 
the placid and prominent eye is always a marked 
feature of the breed, The head should be set. well 
on, the neck, and this not too long, and merging 
gradually into the shoulder. As already stated in 
the preceding remarks on form in cattle, the general 
appearance of the frame is level, with uniform—not 
patchy—development of flesh. The setting-on of the 
tail in the manner yet in a future paragraph to be 
described and illustrated ig always a point looked at in 
the shorthorn; but while this is a sine gud non, and 


80 Bet that it gives the square form to the animal at 


the twist, and giving side bones of height sufficient 
to carry the flesh well up to the level of the quarter, 
there should not be any marked redundancy of deve- 
lopment which makes the separation of the ramp from 
the quarter a marked feature. The hip-bones should 
join the quarter and false ribs #0 gradually, and be 
merged 80 completely and without any marked feature, 
that it should not be easy to point them ont. The 
colour of the shorthorn varies much, from a pure white 
to reddish-yellow, and patched or spotted or marbled 
in red and white, a ved roan or bright red, or a spotted 
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roan, Some object to the pure white colour, but if 
this be chosen by some it is considered as an essential 
that the muzzle or nose be black: a pure white in 
colour with a red nose would be put out of court at 
once by some breeders, while any black on a short- 
horn would be so by others—and this was a point of 
belief among the early breeders—being considered as the 
mark or evidence of a decided taint in the blood (see 
a remark on this point below), It may be interesting 
to give here the description of the characteristica of 
the shorthorn as accepted by the best of the breeders 
at the end of the last and the beginning of the present 
century-—by which time, as we have seen, the breed 
had been established in its modern form, and many 
celebrated animals existed by which its fine charnc- 
teristics were remarkably exemplified. The following 
is by the authority we quote :—“ The many judicious 
breeders, who have immediately succeeded each other, 
glowing with increasing emulation, have brought the 
stock now to a pitch of excollence that was never 
before known in any breed of British cattle, when 
the accumulated points of perfection are considered, 
whether as to beauty or profit. Such is pretty well 
demonstrated by referring to an extract of Mr, Charles 
Colling’s sale, in which it appears that forty-eight 
head of this highly cultivated stock, bred by himself, 
fetched £6067.” “The shape is now brought,” says 
our well informed authority, “to a high state of 
perfection: a straight back, springing ribs, and fat 
loins (consequently the hip bones, though broad, 
scarcely appear to project), a fine thin head, light 
neck (not too long), deep in the brisket, broad in the 
chest, round barrel, with fine bone, and so gimp or 
light in the belly, as, in some instances, to appear 
high on the hind-legs. This is a very distinct point 
in the breed—a shape quite contrary to a hollow back 
and swaggering belly, common in bad-shaped animals, 
The hide possesses a certain mellowness that indicates 
the best quality. In respect to colour, there are 
many fine beasts of this breed quite white. Such is 
a celebrated Martin heifer, which is now travelling 
as a show, and which, as an example of fatness, was 
never excelled. Mr, Neasham’s celebrated ox is white; 
aleo ‘ Lily,’ bought by Mr. Rubb. The external white 
of these cattle rises out of a golden pile next the 
ekin, which gives a very rich and mellow appearance. 
The muzzle is uniformly flesh colour; any black, even 
& single spot, would throw suspicion upon the purity 
of the blood. The horn, which is small, is yellow, as 
are the hoofs. The colour now most esteemed is the 
white and brown mixture; yet there are many distin- 
guished individuals of red, and red and white; black, 
as has been observed, is absolutely ill bred, whenever 
it appears,” 
The Hereford Breed of Fatteniug Cattle. 
‘Thia, which is one of the most esteemed of the 
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breeds of fattening cattle, ranks, in the opinion of 
many, as second only in meat-producing value to the 
shorthorn. Indeed, in view of the superior table- 
excellence of its flesh, posseasing the fine intermixture 
of layers of alternate flesh and fat so much esteemed 
by epicures, it is considered by many to be superior, 
as & “butcher's beast,” to the shorthorn. Be this as 
it may—and in this, as in nearly every other point of 
practical grazing, the saying “many men, many 
minds” holds good—there is no disputing the high 
value of the Hereford breed. It owes its mame to 
the county of Hereford, which is the peculiar locale 
of the class. That the Hereford cattle are an 
aboriginal breed or race, indigenous to the soil of the 
county from which they take their name, are points 
deemed by the first authority of the day on all matters 
connected with the breed-—J, Duckham, Exq., M.P.— 
to be beyond all dispute. Did space permit, we should 
like much to give here & vuriety of moxt interesting 
information respecting the breed, from which, amongst 
other points, it would have been seen that it has 
enjoyed a distinct nnd decidedly high reputation ag a 
fattening breed for certainly the whole period of the 
present century; though it would be enay to prove 
that they possessed a very distinct place in the regard 
of the grazier, and through him the butcher, for a 
period considerably anterior to the beginning of the 
century. When, in the year 1845, Mr. T, CO, Eyton 
began the work of forming a ‘Herd Book,” or pedi- 
gree record as it may be styled, for the Hereford 
breed, in order to arrive at correct conclusions he 
found it necessary to divide it into four classes of 
animals, cach having its own physical characteristics 
as regards the colour of the face chiefly, Those four 
classes were—first, the “‘mottle fuce”; second, the 
“dark grey”; third, the “ light grey or white”; and 
fourth and last, the “red with white face.” But now 
the breed is almost universally characterised by the 
last-named feature, “the red with white face,” a 
curious instance of how a certain class of peculiarities 
are by the breedera made to dominate others, and also 
how quickly this may be done, For it is worthy of note 
that a period of activity not exceeding a quarter of a 
century sufficed to extinguish practically the three 
first classes named above, leaving the last master of 
the field, and so completely that when animals of the 
first three classes are exhibited they are set down by 
those who do not know the eurly history of the breed 
as anything but fine specimens of it. Let us now 
glance at some of the points connected with the breed, 
an illustration of which we give in fig. 2. The parts 
which are white are the face, throat, chest, the lower 
part of the body, the top of the tail, and the crest; 
so also are the lower parts of the legs. The ex- 
pression, countenance, or face of the animal is fine, 
placid, and open ; @ small red spot on the eye is looked 
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sien eonoetanie casted evidence of good breed, as 
also a circular spot of red in the centre of the white 
part of the throat, The horns of the bull or steer 
spring straight out from the forehead ; those of the 
cow are moat delicate in form, with a lateral or side- 
ways direction, curving slightly backwards, forwards, 
or upwards, with the points turning in as if meeting 
or tending to meet over the centre of the forehead, 
In both the horns are in colour yellow or white, clear 
and waxy in texture. The head is amall when the bulk 
of the body is considered ; and the eye is quick and 
‘lively, yet conveying placidity of temperament—one 
of the'first requisites, as we shall hereafter see when 
we come to describe the details of breeding and 
feeding, in an animal which should fatten quickly. 
The cheek is fine; muzzle white and fine. The bosom 
is prominent, in good proportion, and the chest deep and 
fall. The ribs are deep and well sprang or rounded, 
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tains the eyes being rather projecting ; the eye eile 
prominent and brisk; the lids thin and wall stored 
with eyelashes, which, as in the human species, give . 
a general expression to the features. The setting-on 
of the head and neck remarkably fine and elegant, 
and afterwards progressively leading down to a full 
pee arn, guardéd on each side by the points 
of the shoulder, being neatly let into the line of the 
neck, and inclining rather upwards, 50 as to produce 
the even appearance which is so striking in the 
Herefordshire cattle, beginning at the closing of the. 
shouldera, and running all along the top of the chine. 
If a contrary shape occurs, and the pointa of the 
shoulders push downwards, the consequence is evi- 
dent: the neck appears out of proportion ; the weight 
or strength which ought to be in the closing or junc- 
tion of the shoulders at top is destroyed ; and the end 
of the chine at that part is thin and hollow, so that 





Fig. 2. 


and level with shoulder point. The shoulder-blades are 
flat, thin, and ao well do they merge into or blend with 
the body, that it is difficult in a high-bred animal to 
indicate the points where they commence or set-on. 
The lega are straight and small; the rump in a 
straight line with the back, and at right angles with 
the vertical line of thighs ; the tail well set-on (see a 


succeeding illustration under the head of “ Breeding”). 


The coat or hide is thick, yet giving a fine and mellow 
touch; the colour of the hair red, with fine gloasy 
tint, and having a tendency to curl or be wavy. As 
entering more in detail, and as aleo giving the reader 
much information on points in fattening cattle gene- 
rally, we here give from a high authority the following 
description of what a good fattening Hereford animal 
should be :-- 

“Tho face should be long and taper, the middle of 
the forehead broad, and rather inclining inwards, 
which is effected by the hollow cf the skull that con- 


the whole frame forward is completely deprived of 
that due symmetry it ought to The ribs, all 
the way from the part just alluded to, should begin 
pretty early to project after its junction or springing. 
forth from the backbone; and this effect is more 
especially necessary in what we call the first rib, or 
that nearest the hip, which cannot be too broad and 
projecting, and should be pretty noar the bip or free- 
bone. By this early inclination to project, the upper 
part of the ribs support s full chine, which is of as 
great value as any, in the scale of provision, and 
cannot bear an equal —— weight, in a flat or 
weak-sided cow or ox ; ‘and by the first rib and hip 
coming near altogether, the under loin is kept up and 
supported to the hand of « skilful jadge, which, » 
though = beast may be fat, cannot be equally the: 
case where these two parts are ‘far asunder, and there | 


is a disproportionate vacuum. 
“T next come to remark the situation of the hip: . 
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bones, which I look upon to be the most essential 
parta to add beauty, weight, and value to every sort 
of beast that comes under the description of horned 
cattle, These cannot stand too wide, or in my idea 
too high on a level with the top of the back, running 
straight for the two extremities. The distance to the 
point of the rump should be long, taking the aitch- 
bones upon as exact a level as possible; for where 
these project, or come out at all 20 as to equal the 
prominence of the hip, it ia impossible for a beast to 
come well to handle, as they will be hard and similar 


to most bulls to touch, and cannot get fat in those | 


points most requisite to make a fat animal desirable, 
The point or ends of the rump on each side the tail 
should when poor be well supplied with loose skin, 
and be soft so as to allow room for expansion, as the 
creature progressively fills out in feeding; and these 
points should stand rather high, so that the root of 
the tail may be guarded on each side; for when this 
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The following gives the dimensions of a good 


specimen of the best of the earlier breeds: Length— 
from the rump to the extremity of the hip-bone, 
2 ft. 4 in.; poll to the tail, 7 ft. 6 in. ; face, 1 ft, 
9in.; horn, 1.ft. Height—from the ground to the 
dewlap, 1 ft. 6.in.; to the brisket, 1 ft. 8 in. ; cheat, 
2 ft.; of the hind-quarters, 4 ft. 7 in.; shoulders, 
4 ft.; knee, 13 in.; book, 19 in, Breadth—acroas 
the face, 11 in.; the hips, 2 ft. Girth--round the 
chap, 1 ft. 10 in,; cheek and forehead, ‘8 ft, 7 in; 

neck, 3 ft. 54 in.; chest, 6 ft, 9 in.; knee, 14 in. ; 


bone of fore-leg, 84 in.; bone of hind- -leg, 93 in; 


coronet of fore-foot, 15 in.; of hind-foot, 13} in, } 
hock, 17} in.; horn, 10 in, 
The Saves Breed of Fattening Cattle. 

This is the third in our list, but not the Jeast 
esteemed hy some breeders—who place it, indeed, the 
first in their liat, from the high quality, the “juicy ” 
nature of its flouh (see fig. 3). The best and purest. 
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is not the case, and the points of the rump are low, 
the tail stands high and disigures the animal, and 
they eeldom are so well inclined to load with fat on 
that part. There are gristles at the setting-on of the 
tail, which should rather project on each side, even 
when cattle are poor, a8 I have ever observed they 
aecumulate much more fat in this part, which is very 
essential to the mle of a beast, These cattle are 
generally short, and full in the thigh; for where 
they are of a contrary shape, they never fill out well 
in the twist, or that part leading from the tail to the 
udder of « cow, which is of infinite consequence to 
the weight of the round of beef, after the animal is 
slaughtered, 

“Let it be observed, that the bone being small 
below the knee and hock is a singular perfection ; 


and it commonly happens that the fattest animals. 


have the most slender bones to maryoet their 


weight,” . 


specimens are met with in North Devon. They are 
amall animals as compared with bulkier breeds, but 
they have so fine an action, or elegance, in their 
movements, that they have been called the “ ponies” 
of the breeds of fatting cattle. They are peculiarly 
well fitted to make the most of the feeding obtained 
from the hilly and cold pastures of their native county, 
and give a quality of butcher's meat from them of #o 
high a character that it stands second to none in the 
estimation of the butchers of London. The South 
Devon is a larger and somewhat coarser breed than 
the North Devon, it having its origin in a cross of 


,the pure North Devon with a larger breed called the 


“old Marlborough red.” A cross of this with the 
Bouth Molton breed is said to give finer results than 
when the pure South Devon is used, The colour of 
the North Devon is red, or a medium red, the coat 
or hide being peculiarly fine and silky, with a ten- 
deney to curl, when the animal isin good condition, 
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CHAPTER VI. 
WE now proceed, as promised in last chapter, to point 
out how the printing machine works, And in doing 
this the first point we take up is 
The Oylinder “Lapping.” 

The cylinder, or printing surface, as we have ex- 
plained before, is wrapped several times round with 
thick finely-woven cotten or linen or woollen fabric 
called “lapping,” to the depth of about half an inch. 
This cloth must in all cases be of the best description 
ea regards material and weaving, as, owing to the 
enormous pressure and grinding or friction that is 
brought to bear upon it, inferior lapping does not 
last long, and causes loss of time by necessitating the 
printer renewing it frequently. 

The durability of the lapping made use of, however, 
depends, to a great extent, upon the skill and care of 
the printor in its adjustment. Lapping, if badly put 
on, is apt to shift and tear, which causes serious loss, 
as the machine has then to be stopped, and sometimes, 
to put matters right, the rollers require to be taken 
out. 

The first point a printer looks to in beginning his 
work, therefore, is to adjust the lapping. Next the 
lapping runs the blanket or finely woven thick woollen 
cloth, forty or fifty yards long, the ends being carefully 
sewn together by fine woollen thread, 80 a8 to avoid 

a thick seam and form an endless web, Instead of 
woollen cloth, the Mackintosh blanket is now generally 
employed; this fabric consists of several layers of 
calico cemented together by solution of india-rubber. 
In the lateat modern machines the blanket is entirely 
omitted, These being properly adjusted, the mandrels 
aré fitted into the copper rollers, the necks of mandrels 
placed in their bearings, the box-wheelas are next 
fastened to the mandrels, and the whole screwed loosely 
against the printing surface. 

Pitohing the Rollers, 

If there are two or more rollers in the pattern, the 
pitch-pins or guide pin-points in the:rollers are then 
looked for, and roughly placed in position so as to 
fall one on another, ao that the different parts of the 
design fall in their. proper places, according to the 


‘printer's judgment—which is an art attained only by . 


long practice. If the engraving is good, this may be 
done very accurately. 

These “pitch-pins” or guiding points are simply 
pin-holes made on the surface of the roller during the 
processes of engraving, in order to show the — of 
one colour with another. | 
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Adjusting the Doctors, ote. 
The rollers being pitched, the colour-boxes are now 
placed in position immediately below the rollers, the 
Jurnisher pressing against the copper roller with the 


_ proper degree of pressure. The lint-dootors are now 


fixed on the opposite side of the roller to the clearing 
doctor. The colour is placed in the bomes, and’ the 
doctors are put in position; the printer adjusts them 
so that they press perfectly “true” on the roller; the 
weights are then placed on the doctor levers, according 
to the weight which the thickness of colour being 
printed demands, and according as it is required that 
the colour should or should not show on the other 
side of the cloth. ‘The “ back-grey” is next drawn in— 
that is, a piece of unbleached cloth running between 


‘the cloth to be printed and the blanket (which runs 


with it), for the purpose of keeping the edges of the 
lapping clean, The large screw which moves roller, 
colour-box, and doctor, is next adjusted, so as to press 
roller against cylinder as required, and the machine is 
put in motion, The printer stands in front of the 
machine, screw-key in hand, and as soon as the im- 
pression appears upon the grey, he stops the machine 
and examines the impressions produced by the various 
rollers, and shifts the rollera by means of the various 
screws already described, until, by again starting the 
machine, and repeatedly adjusting the rollers, the 
various colours of the pattern are all in their right 
positions, so that the impression on grey agrees exactly 
with the design, This being accomplished, the white 
piece, for printing upon, is next drawn into the 
machine, which of course now does its work, Generally 
at the beginning of the white cloth is sewn a short 
piece of cloth, called a drying or trying piece, which is 
for the purpose of seeing whether the extra thickness 
of cloth thug introduced will cause a slight difference 
in the fitting, and if so, it is adjusted, and the print- 
ing proceeded with, After the printing machine is 
started, the printer should not leave it, but should 
stand in front of the machine, screw-key in hand, 

and by ‘shifting first this roller and then that, 
as they are disturbed by thin and thick places in 
the cloth, keep tha printing as nearly absolutely 
correct as possible. 


‘‘Misfits” of the Bollers. 


Notwithstanding all the late improvements in 
the details of the construction of the machine, 
and “allowances” made in the engraving, slight 
‘‘ misfite” cannot be wholly overcome, These minute 
and frequently unavoidable inaccuracies, technically 
known as misfits, are caused by a variety of compli-— 
cated circumstances, and to compensate for them by 
“allowances” in the engraving of the rollers in many- 
coloured designs is one of the triumphs of modern 


printing. 
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Back Tenting, 

The back tenter is the operative who stands at the 
back of the printing machine, and whose duty it is 
to guide the white piece of calico straight, and without 
sorimps or double edges, and keep it at s regular dis- 
tance from the edge of the lapping. The back tenter 
has no help further than bars and scrimp rails, between 
which the cloth runs, and is thus stretched; and also 
a, break upon the end of the axle which carries the 
roll of cotton, or arrangement keeping the cloth at a 
uniform tension by compensating for the difference in 
rate of revolution of axle, which of course takes placo 
as the rol] diminishes in size, In other words, the 
break slackens the axle in proportion as it is required 
to revolve quickly, owing to the diminishing roll of 
cotton on it, in order to meet the supply of cotton to 
the machine, 


Allowance for Elasticity of the Calico, 


By the modern methods of bleaching and shearing, 
the calico is rendered so elastic that, if not kept 
regularly tight, it would gain or lose between the 
first and last roller, thereby causing a misfit. Even 
with every precaution and care there is always a 
certain amount of stretching of the cloth between 
the first and last roller, and an allowance is made for 
this in engraving the rollers, so that, for example, the 
circumference of the last roller, in a many-colour 
machine, is made a shade greater than that of the 
first—the entire engraving of it being of course pro- 
portionately enlarged in the direction at right angles 
to the axis of the roller. 


Importance of the Back Tenter, 


We need not enter into the details of the routine 
of the back tenter’s work, such as taking out the 
rollers, etc,, aince this would have no interest for the 
untechnical reader: suffice it to say that he is as 
indispensable as the printer himself, and that it is 
almost as important a point to have a good back 
 tenter to any machine as to have a good printer, 
more especially in the case of machines of many 
colours. 


The Back-Grey . 


is wound on a beam turning in «a frame at the 
back of the machine, and behind the spot where the 
back tenter stands during the working of : the 
machine, After passing through the machine, the 
beck-grey separates from the printed cloth, a small 
wooden roller being between, and after drying passes 
again to the back of the machine, and is wound upon 
an axle in the frame, and when the first beam with 
ite roll of grey cloth is nearly exhausted this second 
one is lifted in its place, 
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Drying after Printing. 

When the newly-printed calico leaves the machine 
the colours are, of course, moist, and require to be 
thoroughly dried before undergoing any further 
treatment. The old method of doing this was to 
pass the cloth through heated rooms; but this has 
been entirely superseded. Thé drying apparatus now 
employed consists of a number of closed wrought- 
iron tall steam-chests, about 1} in. thick, with # in. 
cavity, through which passes high-pressure steam, 
Shortly after the cloth is printed it passes up through 
an opening in the roof of the printing-room, above 
the machine, into the drying-room, and passes juat 
over, but not in contact with, the large steam-cheats, 
the unprinted side being next the surface, It 
passes thua over a very large drying surface until 
quite dry, or nearly so, after which it may without 
danger be passed over with the printed side under- 
most. Since the colours must be perfectly dry before 
passing from the printing, it is essential that the 
steam-chests be large enough to completely dry the 
cloth when paasing over them at the quickest speed 
at which the machine prints, Hence the drying 
arrahgement must be able to keep pace with full- 
speed printing. The printed calico now passes down 
into the print-room at the back of the machine, and 
is folded straight by a simple folding motion watched 
by a boy. The back-grey is generally dried separate 
from the calico, over a large drum steam-chest, from 
which it passes down to the back of the machine by a 
different opening to that of the printed piece, and is 
recelved on an axle aa before explained. The back- 
greys are generally used two or threo times without 
washing ; but of course this depends on the nature of 
the colours printed, and on the amount of colour 
printed on the cloth. The back-greys are then 
washed and bleached and used for printing. 

The Driving of Printing Machines, 

New printing machines are now generally erected 
with a separate engine to each machine, so that the 
printer can get any required speed to suit the 
pattern, This is a great improvement in modern 
calico printing; all old machines were driven by shaft 
and cogged gearing from the ordinary print-works 
engine, and by an arrangement of different-sized cog- 
wheels three speeds could be commanded—the slow, 
medium, and quick. The starting of the machina 
however, causes violent jerks, which shake the whole 
machine, and ‘sometimes cause the rollers to shift; 
which is entirely got rid of by the use of separate 
engines. 

In our next chapter ' we shall proceed to describe 
the different prints and styles = in the practioal 
work of calico printing. 
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THE COLOUR MANUFACTURER. 
WITH PRACTICAL MOTRS ON THE UBE OF PAINTS AND 
DYES IN DECORATIVE WORK, 


PART Finst.— —PIGMENTS, 


CHAPTER II. 
White Lead: Its Composition, ete 
Warr lead is s compound of somewhat variable 


composition, as may be judged from the many distinct. 


qualities to be found in the market, Essentially dry 
white lead ia a mixture of carbonate of lead, PbCO,, 


and hydroxide of lead, Pb(HO),. It is a pigment of: 


great whiteness, opacity, and weight; hence it forms 
the best white, possessing great covering power and 
body or density. It is used as a white, and as the 
foundation or body of many other pigments; thus, it 
is mixed with chrome yellow for a light shade, or with 
chrome green for the same purpose. 


White lead is very poisonous; taken in small doses, 


either into the stomach or through the akin, it causes 
the well-known disease of lead colic, and ‘in larger 
quantities proves fatal, The usual remedy for lead 
poisoning is, we may add, the cautious use of very 
dilute vitriol, or sulphurie acid, which, decomposing 
the carbonate and hydrate, forms sulphate, which is a 
harmless compound, or comparatively eo. White lead 
blackens when exposed to sulphuretted hydrogen gas, 
which is given off by the combustion of coal contain- 
ing sulphur, and frequently contained in coal gaa. 
Manufacture of White Lead by the Fermentation Provoss. 
When lead is exposed to the damp air for some 


length of time, it becomes coated with a white layer, : 


This is white lead. Its formation is greatly facilitated 
by the presence of acetic acid or vinegar. In this the 
‘carbonic acid of the air effects the conversion of a 
portion of the metal into the carbonate and hydrate, 
One of the methods for the commercial production is 
an application of these facts, which is still largely 
carried on in this country and abroad, although 
, moutly superseded by the later and better processes, 
A series of brick chambers or stacks, which gene- 
rally measure about 25 feet long and 14 feet broad, 
is employed. Two aides of each stack are provided 
with a door for the filling and emptying. The floor 
of each is covered with a layer of porous ashes, On 
the top of this is laid a bed of spent tan. Above this 
are placed blocks of wood about 16 in. diameter, and 
earthen pots between them, resting on the tan, and 
#0 supported by the blocks, The pots are placed close 
together over the entire layer, except a space of about 
aix inches along the sides. The pots are‘filled with 


dilute acetic acid or weak vinegar, containing 4 to. 


Z of 1 per cent. of acetic acid, O,H,O,. Narrow 
boards of wood are now’ laid on the top edges of this 
layer Of pote, and on them a layer of thin sheets of 


common lead to the depth of 5 or 6 inches, A few. 
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inches higher there is « wooden shelf beazing scchlsee 
layer of tan, and a similar arrangement of blocks of | 


wood supporting a layer of pota containing dilute 


vinegar, Ten or fifteen similar Isyers—first sbelf | 
‘holding a layer of tan, then pots, then lead—are built - 
| up on the top, until the roof of the building is reached 
within a few feet. This being done, the space of six 


inches left between the walls and pots is filled with 


= 


clean straw. The doors or stack holes are closed, 


and the building completely closed in, except where 


ventilators are provided by which a limited change of - 


air takes place. The building is now left undis- 
turbed for several weeks, after which the doors are 
opened and the white lead formed is carefully 


removed to the washing cisterns. Before following — 


it farther, we will now inquire into the chemical — 


changes which have taken place whereby the sheets 
of lead have been converted into white lead. 
‘The Theory of White Lead Making, 


It is well known that lead exposed. to damp air soon 


becomes coated with a white powder, This is the 
“white lead,” the production of which on a com- 
mercial scale we are now treating of. The air always 
contains carbonic acid and moisture, and it is these 
that cause the surface of bright metallic Jead to 
become white, by converting a portion of the surface 
of the meta] into carbonate and a portion into hydrate 
of lead, The fermentation process of ‘manufacture is 


‘an application of these facts. The slow fermentation 


or rotting of spent tan gives rise to a large amount 
of carbonic acid and water-vapour, accompanied by a 
considerable amount of heat, under which conditions 
the thin sheets of lead laid in the “stacks” quickly 
become converted into white lead; the action being 
much accelerated—as found by experience—by the 
presence of acetic rcid vapour. 


The Fractical Yield of White Lead by the Fermentation 
The amount of metallic lead which is actually 


' gonverted into white lead each time, the stacks are in 


operation does not exceed, as a rule, 60 to.70 per cent. 
of the charge. The use of thinner sheets of lead, and 


® more careful disposition thereof, does increase the — 
yield from 5 to 10 per oent., but this is not usually 


done in practice, The lead unacted upon is used up 
in the next A stack covering an area of 
20 x 12 feet, and holding 18 layers of lead, requires 


from 40 to 45 tons of lead to fully charge it; whioh . 


after the process weighs from 48 to 49 tons, or ax 


increase of 20 per cent. Esch layer of a stack of the 
above dimensions requires about a thousand pote 5g 


inches diametar containing the diluted vinegar. 


The Milner er Oxy-Chloride Provess of White Lead Making, | 
The fermentation process of lead making may be 
‘said to be now superseded by the more expeditions and _ 
Re cree reer Ree ta eae eee 
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chloride method—which latter occupies leas than two 
days, whilst the former requires several weeks, The 
writer was informed by avery large white lead manu- 
facturer that this process, which he had employed for 
BomMe years, wags cheaper, cleaner, and in avery respect 
more satisfactory than the older methdd. 

When certain proportions of lifharge or protoxide 
of lead and common aalt are ground together in a mill 
with water, an oxy-chloride of lead is formed, together 
with caustic soda, The former lead compound by the 
action of carbonic acid is converted into white lead. 
The commercial process is an application of these facts, 
For every 780 lb. of dry flake litharge, 98 Ib. of 
common salt dissolved in 150 gallons of water are 
placed in a wooden pug-mill, made of pine or elm, and 
the mixture is continuously ground together for three 
hours, The mass gradually thickens until a point is 
reached when it begins to become of thinner con- 
sistence, which is indicative of the completion of the 
reaction. The white paste is now run into a large 
cylindrical iron “ carbona 
sheet lead and provided with large wooden agitators 
or paddles, The agitators are now set in motion, and 
a stream of carbonic acid gas forced into the pasty 
mass from a pipe passing through the bottom side, 
Shortly after the mass ceases to be of alkaline reaction, 
the stream of gas ia stopped. The exact point at 
which the carbonic acid supply is cut off is one of 
great importance, as upon it much of the quality of 
the finished product depends—-either too much or too 
little carbonic acid is injurious. The gas being stopped, 
the white mass is run into large hettling tanks and 
subjected to a series of washings by decantation, by 
about eight tanks. The water from the seventh wash- 
_ ing runs into the first tank, which is ran off and fresh 
water run into the others, The water from the last 
tank is run into the second. The white lead being 
thoroughly washed in this manner is eubjected to 
grinding, in order to reduce to powder the lumps which 
the washed product always contains, and is then dried, 
when it is ready for the market. 

Valuation or Testing of White Lead, | 

If the white lead to be tested is mixed with oily or 
resinous matters, these must be completely removed 
previous to examination for impurities, The best 
method to effect this, as a rule, is to extract with 
ether. To sscertain the value of a sample of white 
lead it is not necessary to have a full chemical analysis 


of it; and even if it were desirable, it alone would | 


not determine the value of the material for practical 
purposes. The usual method af testing is simply to 
mix some paint with a weighed portion—say 1'lb.— 
of the sample, and to take the same weight of a good 
- standard sample of white lead, both mixed in exactly 
ca a i a ala 
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”” which is lined with 


831 


board with these two paints, uaing in each case the 
whole of the paint mixed. When dry, the two white 
boards are compared, and the observation is made 
whether the sample is as good as the standard. 
This comparative teat shows the whiteness, covering 
power and density of the sample, and also whether it 
differs in drying properties from the standard. This 
method of testing, when combined with the following 
simple test, will be sufficient to judge of the value of 
samples of white lead. To test for baryta white, or 
gypsum, or china clay, the sample, either dry or mixed 
with water, is warmed in « teat tube with dilute nitric 
acid, when the lead will completely dissolve with effer- 
vescence, leaving undissolved a white powder if any of 
those three foreign bodies be present. Many white 
pigments in the market—for example, those known as 
Holland, Venice and Hamburg whites—are mixtures 
of white lead and baryta white. 

To distinguish sulphate of baryte from sulphate of 
lime the residue insoluble in dilute nitrio acid is 
thoroughly washed with hot water and boiled with a 
strong solution of carbonate of soda. By this treat- 
ment sulphate of lime is converted into carbonate, 
whilst baryte sulphate is unacted on or not appreci- 
ably. The residue is thrown on a filter, and washed 
until perfectly free from the soda salt. Dilute hydro- 
chloric acid is then added to the residue. If effer- 
veacence occurs, sulphate of lime was present, The 
acid filtrate is made alkaline with ammonia, and oxalate 
of ammonia added; white precipitate confirms the 
presence of lime, 

Objections to the Use of White Lead as a Pigment. 

The two objectionable qualities of white lead paint 
are well known and well disliked—namely, its poison- 
ous nature, and ita property of darkening when exposed 
to fumes containing sulphur. A third disadvantage 
possessed by white lead as compared with zinc whites 
is its tendency to lose its colour in course of time; 
but as to this defect we have already referred, we 
shall pass over it here, and treat only the other 
objections. 

Lead compounds, including white lead,‘form a black 
sulphide when brought in contact with moist sulphu- 
retted hydrogen or sulphide of soda or ammonia. 
Coal gas, even in the condition that it leaves the gas- 
works, generally contains traces of sulphur compounds, 


‘Most qualities of burning coal also contain sulphur, 


which is partly given off in sulphurous fumes on 
burning, which. act on white lead; and there are 
other sources of muphur-vapours, all of which injure 
painting containing white lead. Neither acids nor 
alkalies destroy the dark colour that white lead acquires 
by sulphur. Hence in this respect it is inferior to 
zinc whites, which are quite unaffected by sulphur 
fumes, 
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THE EMPLOYMENT OF FORM AND. 
COLOUR IN INDUSTRIAL DECORATION. 


OHAPTER III, 
‘In the preceding chapter the last paragraph was 
headed ‘‘Oolour in Decoration—Importance of the 
Subject.” To this we now direct our attention. Of 
" all the gifts which a beneficent Oreator has bestowed 
upon man, that of the appreciation of colour and 
delight in it is one of,the greatest, While it is 
one of the simplest and most enjoyable, and which 
carries with it the purest of feeling, it 18 one also 
the most readily obtained, for it abounds every- 
where,—in the tinte of the aky, in the green of the 
fields, and in the thousand tints and tones of the 
flowers with which their surfacea are covered. And 
one point in what may he called study of colour is 
very noticeable, that the delight which the musician 
finds in the harmony of sound, the student will find 
exemplified in the pleasure derivable from the har- 
mony of tints and tones in all masses of colour. 

Definition of the Term ‘ Oolour,” 

By colour we mean harmonised pigments, or what 
are popularly called paints or colours, Now, the pri- 
mary colours, yellow, red, and blue, we call “ pigments,” 
and only to their harmonised combination do we 
permit the term “colour” to be applied. The ‘young 
student should take special note of this; for to any 
combination of pigments which do not harmonise, the 
term colour, in its true or artistic sense, is not at all 
—certainly not correctly—applicable, any more than 
it is correct to call sounds which do not harmonise 
music —the very spirit or essence of which is, so 
to say, harmony. Hence the student will ‘perceive 
that, in the true technical, artistic sense, a pigment 
---or what is popularly called a paint, or still more 


inaccurately a oolour——is only a constituent part of . 


colour, not a colour itself—which, as above defined, is 
a “harmonised combination of pigments.” We may 
Dlustrate this with some practical utility to the 
atudent, conveying, as it does, what is called a lesson, 
by the following incident. Two well-known men, 
high in position, were examining an object of art 
manufacture on which was depicted a certain subject ; 
it was laid aside with the remark, “There is no colour 


in it.” The salesman, so far from thinking it had. 


no colour in it, was disposed to decide that there was 
quite too much of it. And in «a sense he was right 
—that is, in the popular sense of the term colour. 
For the object displayed abundance of colour of 
one kind, the three objecte constituting the design 
monopolising one of the three elementary colours 
or pigments, blue, yellow and red. Puzsled at this 
glaring evidence of colour enough being defined to 
be that which had “no colour in it,” he asked an 
* 
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int, This was very goon as 
by giving what, in point ‘of fact, we have’ already 
stated as the true principle deciding and defining’ 
true colour ; for he said, “ Oolour in your sense of the 
term there is enough of, and more than enough, but 
it is made up of what we artists call pigments; in 
this object those pigments do not harmonise, therefore 
we say that it has no colour.” 
The Three “Primary Colours,” or “Primaries” of the 
Chromatic Scale. 

We shall now, in connection with the diagrams 
in the coloured plate entitled “The Chromatic Scale,’ 
explain the technical terms used in connection with 
the application of colour in the artistic sense to 
ornamental outlines for flat surfaces; but of course 
what is true of decorative subjects is true of all 
subjects in which colour is employed. When white 
or ordinary light is passed though a priam, it is 
reduced, so to say, to its component parts. Those 
are found: to be three in number, and give what is 
popularly called three colours-—(1) yellow, (2) red, 


- and (8) blue, These, therefore, are called primary 


or elementary colours. When artificial or natural 
substances are employed to imitate these colours or 
hues, they are called, as we have said, pigments or 
painte, There is no pigment made by man, or known 
to him, which gives those colours precisely as they 
are shown in the prismatic reduction of light. Hence 
artists employing colour have to select those pigments 
which give the nearest approach to the prismatic hue, 
which may be called the standard colour, The young 
atudent will perceive, as closely bearing on the subject, 
the inacouracy of the popular expression a ‘‘ shade” 
of colour, the expression hue or tint, sometimes tone, 
being more accurate. 

The ‘ Secondary’ and ‘ Tertiary ”’ Colours, or the ‘( Becond. 
aries” and the ‘‘Tertiaries” of the Ohromatic Scale. | 
The next acale to notice in the subject of colour is 

that connected with the “secondaries.” By the term 

u recondary ” ig meant the combination of any two 

of the primary colours. Thus yellow and blue give 

green, blue and red (2) purple, yellow and red 
8) orange. These tints or hues, green, purple and 
orange, form the three “secondary ” colours. 

We now come to the third portion of the scale of 
colour, namely, the tertiaries—(1) citron, (2) russet, 
and (8) olive. They are called tertiaries because they 
are produced by the combination or admixture of 
two secondaries, Thug, by mixing green and orange - 
we obtain (1) citron; by mixing purple and orange we 
get (2) russet ; while ® purple and agen combination 
will give (3) olive. 

The « Complementary Colours.” —Definition of the Term.— _ 
Colours complementary to the Primary Colours. 7 

We now take up the term “complementary” as 

applied to colour. By this i is meant that the admix- 
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ture of two primary colours is anid ‘to be the comple- 
tientary colour to the remaining primary. Purple, 
for example, which is a combination of red and blue, 
is the complementary colour of yellow, the remaining 
or last of the primary colours. We are here pre- 
suming that the young reader is careful to remember 
tbat the primary, secondary and tertiary colours 
are, in all the three classes or departments of the 
“Mbromatic Scale,” made up of three in each, as 
shown in the Plate. Again, green, which, as o 
secondary, is a combination of yellow and blue, is 
the complementary colour of, or, simply stated, is com- 
plementary to red, which is the remaining primary. 
Orange, which is a combination of red and yellow, is 
complementary to blue, which is the third remaining 
' primary, This simple rule for the guidance of the 
student should be carefully borne in mind : the colours 
making up the secondary leave but one primary, 
which is, of course, the complementary colour. Thus, 
in the above red and blue leave yellow, yellow and 
blue leave red, and lastly, red and yellow leave blue, 


The Colours complementary to the Secondary Colours. 

Having thus given the colours which are comple- 
mentary to the primaries, red, yellow and blue, we 
now proceed to give the complementaries to the 
secondary colours, that is, what is the relation the 
tertiaries—citron, russet, and olive—-bear to the 
secondaries, which are purple, green, and orange. 
Thus “citron,” which is composed of green and 
orange, is complementary to purple; “russet,” a 
combination of purple and orange, is complementary 
to green; while “ olive,” which is made up of purple 
and green, is complementary to orange. By this 
exhaustive process the student should be able to see 
the relationship which the colours in all the three 
classes, and in any one special class of the three, bear 
to each other. 


Importance of attending to Tone of Colours. 

He must be careful, however, as to the tone of his 
colours. By this we mean, if his citron, for example, 
tends too much in the direction of the yellow, which 
ia one of its constituents, then his purple, which is 
the complementary, in the same proportion must tend 
towards blue, so that the two will harmonise, which 
they will not do if while one is in excess the other 
is deficient, or its excess be in the wrong direction. 
Whenever the colour is in excess, or tends too much 
to one, the complementary colour must be in propor- 
tionate excess. If this harmony be not maintained, 


. then his colours, or subject, will be either too “warm”. 


or too “cold” in tone. 


arm” and ‘(Gold ” in Colour,—What is conveyed by these 
Terzas, 


| What is meant by these terms is explained thus, 


aa or “por AND COLOUR IN INDUSTRIAL DECORATION. 
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We call yellow and red “warm” colours, and blue 
and green “cold.” But there is this distinction in 
this cold colour, which the reader must bear in mind 
-—~as in the case of grean, which he will remember 
is a combination of yellow and blue. If the yellow 
predominated, it is called a “warm green.” Again, 
in the case of a purple, if the tone tends too much to 
the red we call ita “warm purple”; if it tends too 
much to the blue we say that it is a “cold purple.” 

Applying these principles to the student's design, 
if the colours on it tend as a whole towards warm 
colour, we pronounce it to be as “ warm in tone,” if 
too cold the converse. In applying this colour to his 
ornamental arrangements of lines commonly called, 
although not always correctly so, his design, the first 
counsel we should give the pupil is this—that he 
should begin with the colours in the tertiary scale, as 
he will find it easier to get a harmonious combination 
than if he adopted a higher scale—tertiary, aa he will 
by this time understand, being the lowest of the 
scales of colour, primary being the highest, while mid- 
way between the two stands the secondary scale, If 
the pupil wishes to see what a beautiful effect may be 
had by the employment of a low tone of colour—that 
is, colour in a lower scale—let him examine, or rather 
study, any good (this qualification is necessary now: 
a-days, when rubbish is so plentiful) specimen of 
Japanese coloured ornament. We refer here to 
Japanese art, in which, as a rule, low tones are pre- 
valent, and their artists, working always in the low 
scale, are, we do not hesitate to say, the finest colour 
ornamentists in the world. They in this matter 
afford o striking and most instructive contrast to 
their near neighbours the Chinese, whose practice in 
this respect is precisely the reverse. 


The Trae Shades and Tones of Colour only found in Nature) 
Objects.,-Defects of Colour in Figments made by Man. 

We have’ prepared for the young pupil a sheet 
illustrating the scales of colour, arrunged in com- 
plementary order,—that is, under the yellow ‘the 
purple is placed, under the red the groen, and under 
the blue the orange. These sealed ure, however, in 
fact, merely mechanical, being concerned with the 
practical work of admixture of pigments, for flat 
tones (for remarks on pigments, colours or paints, see 
The Oalico Printer ” and also “The Colour Maker "). 
To get the true delicacy of colour we must refer the 
student to the combinations of colours as he finds 
them in nature, There only can he ever know what 
colour truly is, We shall have more to say of what 
this school teaches, and how its lessons may be learned. 
Meanwhile we would ask the pupil who may he doubt- 
ful as to the truth of our statement, to take up from tho 
highway such a common object asa stone which may 


be lying there, 
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THE GEOMETRICAL DRAUGHTSMAN. 


His WoRK iN THE OONSTRUCTION OF THE FIGURES 
4¥D PROBLEMS OF PLANE GEOMETRY, UsEruL nN 
TECHNICAL WORK. 

OHAPTER II. 

In the last paragraph of preceding chapter we showed. 
how a bent zigzag is a curved line returning into 
iteelf, a closed form, what is called a figure. What is 
enclosed within the lines thus joined is called a space, 
“the space enolosed within a figure,” or what is some- 
times, but more popularly, called a form, shape, or 
configuration. Or considering the space as bownded by 
the lines, we call that space a “surface” or “ super- 
ficies,” A figure may also be formed by a curved line 
or @ curve, which, beginning at one point, is carried 
round till it again reaches the same point or returns 
into itself. Ourved figures are regular and irregular. 
The regular curved figures are the circle or the 
ellipse, The remarks made as to the space and surface 
apply to the figures formed by curved lines, Geometry 
concerns itself with the construction of figures and 
with the eatimation of their enclosed spaces or their 
superfices or surfaces. This latter forms the branch 
of mathematics known as the “ Mensuration of Sur- 
faces,” as the corresponding branch ef Solid Geometry 
is called the “‘ Mensuration of Solids.” 


Carved Lines not Returning into themselves, or Open, forming 
what are known as the Regular Curves, as the Parabola, 
etd., ata, 

There are certain classes of curved lines which are 
fixed and definite, and to which the name of the 
regular curves are given, They are said to be “open 


curves,” as distinguished from those closed curves. 


which, returning into themselves, give figures en- 
closizig spaces or forming superficies: an open curve, 
however far the ends might be extended, would not 
meet, 

Amongst the open ourves there are some which 
etart from a point and keep turning or extending in a 
curve ad tnjinitwm: such is the Archimedean spiral. 
Others extend ad infinitum from the two ends: for 
example, the curve known under the name of the 
parabola. There may be said to be an infinite variety 
of curved figures and of curved lines,—they abound 
everywhere in nature; but it is with what may be 
called the regular or "fixed figures and curves that 
geometry has to concern iteelf. 


Conves ar Rounded oa 
‘The phrase a “convex line” or “convexity” is 
generally understood, There are but few who have 
not a perfectly clear idea of the words convexity or 
relief, or their opposite, concavity or hollow. Thus 
one will not hesitate to say that a hollow dish, looked 


at in the direction of ite interior, turns its con- | 
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cavity towards thd, eye placed opposite ti, and: thes 


‘the same dish looked at it from the outside turns ite 


convexity towards the eye placed also opposite to it. 
From a consideration of these terme, we may see that 
this property is possessed by convex lines—namely, 


‘that they cannot be met by a: straight line at more 


than two pointa. 


ar casi ican: isa eacnseua cee Ge backs tae 

We now come to consider the term “plane.” This 
is to the surfaces what the straight line is to lines in 
general. We have the idea of the plane, as we have 
that of the straight line, We generally defing the 
plane by one of its properties, and we say the plane 
is a surface upon which a straight line may be 
applied in any direction. That, however, does not 
prove that such a surface exists in reality ; but the 
idea of its existence is furnished to us naturally by 
tho contemplation of exterior objects, It follows from 
this definition of the plane, and of the properties of 
the straight line—first, that a straight line cannot 
be partly in a plane and partly outside it; and, 
second,, that a straight line which has two of its 
points in a plane is wholly contained in it. We 
content ourselves at present with these prelimi- 
nary ideas of the plane, They are sufficient to 
enable us to divide into two great classes all the 
figures with which geometry concerns itself; those 
figures are, first, those which may be wholly included 
or enclosed in the game plane, which we term figures 
of surface or superficies, and which have but two 
dimensions, length and breadth ; second, those which 
cannot be contained or enclosed in the same plane or 
figures with their dimensions. 

Figures having length, breadth, and thickness we call 
eolids, Geometry, then, is divisible into or may be treated 
of under two great heads—first, plane geometry or the 
geometry of superficies, or, to use the popular term, 
the delineation of certain figures or forms generally 
known as the geometrical figures; and, second, the 
problems connected with solid bodies, generally known 
as the geometrical solids. We shall, as already named, 
take up these two great divisions in the order here 
stated. 

The first section. of plane geometry, or that which 
concerns itself with the construction and the delinea- 
tion of figures, is obviously that connected with 
straight lines. The peculiarities of the different 


classes or varieties of those and of the problems or 


constructions based upon and following them, we now 
propose to notice. 
«A Vertical Line. 

A vertical line is that which is formed by Sins is 
called a “ plumb line” or the line a of « “ plummet,” . 
carrying a weight, as 4, fig. 1, at one end of a cord or. 
ling, @ 5, held in the hand as at ¢, or suspended from | 


as 
ot. 
~ 
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& point as in the plummet of the mason (see “The to the line 2m, the angles 7 kj, m kj both being 


Stone Mason ”), | 

All bodies left to themselves, that is, free to fall, 
and in a still atmosphere, fall in a vertical line, which, 
if sufficiently prolonged, would pass through the 
centre of the earth. Vertical lines in geometrical 
construction are drawn from top, d, to the bottom, 
¢, of the sheet of paper. If a drawing board is 
used, the head or cross of: the T-square is placed on 
the upper or under edge, d@ g or « A, of the board; 
_and all lines drawn slong either edge of the blade 
‘ will be vertical, (For description of drawing appli- 
ances see the paper entitled “The Building and 
Machine Draughtaman.”) | 

Vertical lines, therefore, are those which incline 
neither to the right hand nor to the left ; but, to use a 
popular phrase, stand “ straight up” or hang “ straight 
down.” 


 Distinotion between a Vertical and s Perpendicular Line, 
The young geometrical draughtsman muat be 





@ 
a 
Fig, 1. 


careful not to conclude that a “ vertical” line and a 
“ perpendicular ” line are identical, meaning precisely 
the same thing. From what we have said, a “ ver- 
tical” line must always be perpendicular to the line 
of the horizon, or what is popularly called the surface 
of the earth. Buta line which is perpendicular may 
not be vertical at all; in point of fact, it may be 
absolutely horizontal in itself in relation to the line 
with which it is connected or compared. This will be 
evident to the student when he understands the defi- 
nition of a perpendicular line. It is a line which is so 
related to or connected with another line that it forms 
with # a right angle (see succeeding phs on 
“angles ”). Thus in fig, 1 the line j & is at right angles 
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right angles, Here the line j 4 is vertical because the 
line ¢m is horizontal—that is, parallel to the horizon, 
But although the conditions in regard to the relation 
of the two lines to each other are the same, in the 
diagrams no, pq, ré,t,—no, 78, corresponding to 

k, and pg, tu, tod m, and the angles nop, nog, 
tr 6, ura, are still right angles, no one would say 
that either the line no, or re, was vertical,—the 
latter, indeed, is horizontal. We have been thus 
particular in drawing the attention of the pupil 
beginning the study of geometrical drawing to the 


distinction between a vertical line and a perpendicular 


one, a6 so Many mistakes are made with regard to it 
by young atudents, A perpendicular line may assume 
any position by itwelf between the vertical and the 
horizontal, 

A Horisontal Line, 

This leads us to define what a horizontal line is, 
Tt is so called from ite being in the same position or 
parallel to (see further on for definition of this term) 
the line of the “horizon ” of the globe or earth. 

A horizontal line is popularly illustrated or repre- 
sented by the surface of water in a state of absolute 
repose, such as the water of a pond, of a lake, or of a 
canal, taken across its surface width. A horizontal 
line is also called the line of level, or of general level, 
illustrated in fig, 2; in this, which is a sectional sketch 


\, NY NY. / 
VA « 





Fig. 2 

of the side walls of a house, a 6 is the level of the floor 
excavation, od that of the ground outside. Horizontal 
lines, contrary to vertical lines, are drawn across 
the width of the paper, aa A’ or ¢’ in fig. 1. If the 
drawing board be used, the head or crosa of the T- 
square rests on one of the lateral edges of the board, 
generally placed along the left-hand edge, as a, 
The left hand may rest on the sheet, and follow, to a 
certain extent, the movement of the right hand when 
the latter is drawing a line, go that the pressure of 
the blade of the T-aquare may be equal throughout, 
But expert draughtamen generally keep the left hand 
on the head,’so as to ensure its being against the 
edge of the board; the right hand, in tracing or 
drawing the line, pencil or inked, keeping at the aame 
time the blade close to the surface of the paper by 
sliding the little finger, or two last digita, along its 
surface, 
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His STUDIE#—OFFICE DUTIE®-—AXD Practical Work In 
THE PREPARATION OF WORKING DRAWINGS, OF SPECIFI- 
CATIONS, AND CONTRACTS FOR WORK, 





OHAPTER V. 
What constitutes a ‘Full Set’ of Drawings decided by 
different Practitioners. 
THE preceding paragraphs were chiefly ven up 
with detailed statements as to the drawings required 
to be made for buildings proposed to be erected, 
their various classes er varieties, and their jeading 
characteristica. Numerous as these classes or varieties 
of drawings are, the pupil need scarcely be informed 
that in practice. very considerable modifications are 
made on the system which demands that the “full 
set” should be provided by the architect. Many 
buildings, even those which cost a considerable sum, 
are erected, for which a much less comprehensive 
‘series of drawings is provided than those we have 
numed, Builders who act as their own architects 
content themselves with the minimum number of 
drawings, these comprising, for the most part, a plan of 
each of the floors, as basement, ground, and chamber 
plan, an elevation, and possibly, but not always, two 
sections, one longitudinal, the other cross or trans- 
verse, (See the paper entitled “The Building and 
Machine Draughtsman” forexplanation of the different 
terms used in connection with drawings.) Often but 
one section is provided, and that taken in a line 
requiring the least amount of drawing, and the object 
of which is aimply to show the heights of the different 
floors or stories, And not seldom is it the case that 
no section at all is provided, the heights being taken 
from the elevation only. So lightly do some builders 
think of drawings, that there are those who go to 
work in erecting a house with nothing more than the 
plan; if any elevation at all be provided, it is little 
more than a eketch, generally done in pencil, as are 
indeed, often enough, the plans also. 
Carelessness as to having a really Full or Complete fet of 
Drawings, much to be condemned, . 
Tt need scarcely be said that this carelessness as to 
providing a sufficiently large number of drawings is 
most reprehensible. Still more so the practice which, 
as just hinted at, is that of some builders, which 
permits them to be indifferent as to whether the 
drawings are inked in or pencilled in—which last 
method of procedure obviously admita of any un- 
kcrupulons person obliterating from the drawings some 
point or part which may involve legal liabilities. If a 
thing is worth doing at all it is surely worthy of being 
done aa well ag it can be, And, however smal! the 
number of drawings a builder may rest satisfied with, 
he should determine that those shall be carefully done, 
so as to admit of no possibility of error arising in after 


THE YOUNG ARCHITHOT OR 


construction. Where he is building for himself he 
may conclude that this care is not necessary: nay, he: 
may pride himself—as we have known of those who 
could so pride themselves—upon his ability to build a 
house without the ‘aid of any, or at least, with that 
only of the very fewest number of drawings. 
Complete Bet of Drawings demanded in the Interests of the 
Clients or Employers of the Architect. 

But when he is building for another, the true 
interesta of his client or customer demand that he 
should give to that client all the advantages which 
flow from a complete set of drawings most carefully. 
prepared, and accompanied by a complete—not the 
mere sketch of a—specification. If he will not 
remember, the client in his own interests should, 
that those drawings and that specifleation constitute, 
as it were, the legal documenta which record and 
prove the bargain made between the builder, who is to 
construct, and himself, who is to pay for the house 
which he is desirous to obtain. Their full importance 
in this respect, as well as in the legal responsibilities 
which the specification by itself carries or conveys, 
and taken also as along with and forming part of 
the drawings—the two together forming the recorded 
bargain between the two parties—will be fully detailed 
in a future chapter. 

Tllustrations of a ‘‘ Minimum Set’ of Drawings for a 

Domestic Structure. | 

Meanwhile, we proceed to explain in a general 
way what drawings are required as a minimum 
for a house which, although not very costly, still 
involves in building the expenditure of a goodly 
number of hundred pounds. In buildings of a less 
costly kind, such as a cottage costing a hundred 
or a hundred and twenty or fifty pounds; or 
even a small dwelling-house costing but two or 
two hundred and fifty or three hundred pounds, 

a leas numerous set of drawings, as those we are 
now about to give, may suffice. But every one about . 
to build, and calling in, if he be wise in his own 
interests, the aid of a competent architect or builder, 
should bear in mind what is @ corollary from what 
we have stated—that his interest will lie more in 
the direction of having too many, than in that of 
having too few drawings. The more he has of these, 
and the more fully detailed is the accompanying 
specification, the more likely is the house to be— 
finished with the minimum of mistakes either in 
arrangement or in construction. And if these are 
unfortunately made, he will-be able to have his 
legal remedy—if he choose to avail himself of it— 


_ for such, inasmuch as reference can be made to the 


drawings and specifications in proof that those mis- 
takes arode either from wilful or careless neglect of 
their provisions, 

The following are the drawings referred to, as 
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constituting what may be called a“ minimum set” the “ elevations,” and in figs, 9 and 10 the “ see- 
for a house of some pretensions as to completeness tions.” In a building of this ise various details to 
in, arrangement for a family occupying what is called large scale and to full size will be required of the 
“‘@ good position in society,” giving ample accommo- principal parte of the external decoration, such as the 
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Fig, 1. 
‘dation for a family of some number, or for several mouldings of a entrance door in the front elevation, 
visitors and retainers; and also having some preten- fig. 5; the string-course, base mouldings, and of 
sions to architectural design, In figs. 1, 2,38 and 4 chimneys, and details of internal work, such as cor- 
we give the various “plans,” in figs. 5, 6,7, and 8 nices, architraves, etc., etc, 
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SUPPLEMENTARY SECTION. 
,  QONTAINING PRACTICALLY USEFUL NOTES, TECHNICAL NEWS, AND JOORRESPONDENCE, 
in ho ( 


TECHNICAL FACTS AND FIGURES If 
OCCASIONAL NOTES. | 


Suneiccia THE VARIOUS DEPARTMENTS OF TECHNICAL 
AND INDUSTRIAL WORK, 8UOH AS MECHANICS AND 
Macummm DESIGN aNnD CONSTRUCTION — BUILDING 
DESIGN AND OONSTRUOTION—-GENERAL MANUFACTURES, 
48 TEXTILE AND METAL—APPLIED OR MANUFAG- 
TURING OHREMISTRY — INDUSTRIAL DECORATION-= 
BANITARY ENGINEDRING—GABDENING AND Ryka 
MaTTRas—M CELLANEOUS, 





rr ‘The Working Oondition of Belts, 
Iw our last note, under the head of “The Condition 
of Pulley Surfaces,” we took into brief consideration 
some points connected with the slipping of belts on 
the pulley failing to grip it, or of pulleys within belts 
failing to grip them. And this led us to notice the 
methods—or some of them—in use to prevent this 
slipping, those being applied to the belts, We also 
explained the method of dealing with the slip of ‘belts 
by the converse method of treating the surface of the 
pulley iteelf in a certain way. Taking the firat named 


. of these two methods of dealing with slip, the reader will 
perceive that the plans adopted must exercise an in- 


fluence upon the condition of the belt itself according to 
the substance used to increase its grip upon the pulley or 
the converse. ‘And one or two at least of the substances 
vused. we showed have a deleterious influence upon the 
belt, It is obvious that the condition in which the 
leather of a belt is at the time of working must have 
@ marked influence of one kind or another on the 
reaulte of power transmitted by it. A belt, the leather 
of which is hard and unyielding, cannot when wrapped 
or rather bent round the part of the circumference or 
rim’of the pulley embraced by it, take readily and 
easily the curve of the pulley, but will fail to give the 
grip to, or conveniently to receive the grip of, the 
pulley. This is considered in relation to the length 
of the belt and the periphery or curve of the pulley 
rim; the probability being that the belt will bag or 
belly up so that at parts it will-not touch, or scarcely 
touch, the pulley surface. But if we consider a belt 


‘in this hard and rigid condition in relation to ita 


width—that is, transversely to the face of the pulley 
—it will be observed that its very rigidity will tend to 
keep it from gripping the surface at all pointa across 
ita width. And if the pulley have a decided or a 
greater convexity than should be given to it, the 
tendency of this hard rigid belt will be to ride, #0 
to say, on the top only of the swell or the longest 
diameter of the pulley, from sheer inability to bend 
iteelf at the sides downwards, so as 0 embrace or.come 
in contact with the sides of the swell or transversely 
part of the pulley face. If the belt leather,. 
however, be limp or soft and yielding, it will be seen 


that ite relation to the surface of the pulley will be very — 
different from what has’ just been stated.. We have:. 
a very familiar illustration of what may be called the ~ 
“ wrapping” value of leather in a leather glove—-a kid 
glove—of good quality. 


, soft and limp and thoroughly pliable that it “wraps” 


round the band, or ita fingers “ grip” them, to use the 
technical term, ao closely that with a well-fitting © 
glove, the surface, as across the back of the hand, will. 
be smooth and equally stretched. But the very same 

glove, after some time of wear, by the perspiration of 
the hand, or through getting wet, or one or other or 
more of many causes, will get hard and unyielding, 
and in place of lying close to and wrapping the hand 
or the fingers round, will bag up here and there, and 
get so altogether unsightly, that the man of fashion, 
to avoid this condition, discards the gloves long before 
they reach, or in conscious anticipation of the time when 
they would reach, this unaccommodating condition, 
How to get belts and keep them in the condition in 
which, limp, soft and lithe, they will “wrap” closely 
round and firmly grip the pulleys or be gripped by 
them, is a point of some importance. In the treat- 
ment of belts to arrive at this as their normal © 
condition, a considerable diversity of opinion and of 
‘practice is found to exist. While some subject their 
belts to a periodical oiling, and some to a careful 
“stuffing,” as they call it, of a somewhat elaborate 
composition of greasy stuff, others roundly assert, in 
condemning the application of even a moderate modi- 
cum of oil, that in proportion as belts are oiled so is: 
their slip increased. Others maintain that oils not 
only cause slip, but injure the fibres of the leather, 

weakening the belt considerably. Much of divergence— 
in some cases the direct contrary—of opinion on this 
point would probably be got rid of if we knew all the 
conditions of the varied practice. The quality and 
character of the vil used has a very considerable 
influence ; vegetable oils are, for example, much more 
likely to be injurious to the leather than mineral oils, 
from the comparative ease with which they set up 
acid actions; and these can scarcely he established — 
without injuring or tending to injure the fibrea. And 
as regards the tendency which, according to some, oil 
or grease has to cause elip, we should also require to 
know the conditions of working in both the anoiled. 
and the oiled belts, It is jist possible that where _ 
trials have shown alip to exist, the other siventages 
of having the leather so pliable as to grip the pulley 
,furface have been overlooked. Belts do ‘become hard ” 
‘and dry through working, and a hard belt, as wo have — 
shown, cannot grip a pulley like » soft and pliable one. 
Yet the belt may be dry, while by no means unpii- — 


When new the leather is so + 


. able; tail as etfs user of belta on the large 
scale states it.to be his practice to apply melted 
tallow at a temperature of between 70° and 80°, this 
being rubbed well into the belt and dried in the sun 
or Before a low fire. The oil of’ the tallow soaks into 
and softens the fibres, while the stearine or waxy 
matter remains ‘outside and makes a smooth surface. 
When the belts are both bard and dry, pliability is 
restored by the method adopted by the same prac- 
tician of applying neat's-foot oil mixed with a little 
resin, which last substance, according to him, prevents 
the oil from injuring the fibres, and tends to preserve 
them, Others, however, assert that resin in any form 
is prejudicial to belts. When used in its pounded or 
powdered condition it does after a time exercise a bad 
effect upon the tranemitting power of the belt, though 


as we saw in » paragraph preceding this, it is used 


expressly to increase the grip. Other practicians use 
and strongly recommend dubbin or tanners’ dubbin, or 
“dubbing,” as by far the best dressing for belts, and 
being taken, to apply it only to the flush side. We 
certainly know how good dubbin is for softening 
leather and making it limp and pliable. Belts treated 
as above with it are said to have lasted six times as 
long @ period as those which have not received a dress- 
ing of the dubbin. As our space is for the present 
exhausted, we shall shortly return to it, as there is 
much on this and other points connected with belts yet 
to be glanced at, 
68, Bessemer Steel Castings. 

In ® preceding note (No, 28, p. 185) we gave a 
description of the principle involved in the process of 
producing sound castings of Bessemer steel, and referred 
therein to the important part mechanical mixture of agi- 
tating of the molten mass played in the process. After 
noting other points of this highly important tech. 
nical question, we shall give a brief description of the 
“mechanical agitator,” which has already done much, 
and promises—at least, the principle which it involves— 
to do more, in getting rid of a difficulty in connection 
with Bessemer steel. And this difficulty has ad- 
mittedly, even by its most earnest advocates, had ‘s 
very marked influence in keeping Bessemer steel from 
being used for making a wide variety of mechanical 
objects and implements for which the best’ wrought 
iron and fine crucible steel have been and are now 
largely used. If Bessemer steel can be used to com- 
pete with those old-established metals, its well-known 
and valuable qualities will have another element in 
their favour which will give to the manufacture, char- 
aoterised. as it is by all the features of a rapid and 
economical production, ‘a still wider range of useful- 
pees, and create for it a paral geval eran 
bas yet met with, great as have been. What is” 
the present position of the manufacture, and whether 
¢his more extended use of ite product is or is not 
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likely to become a practical everyday business fact, 
the reader will be able to form some opinion upon after 
reading what in this “note” and other “notes” is yet 
to be given on the important question. Meanwhile 
we have at present only to remind the reader that 
this wider range of utility for Bessemer steel is claimed 
for it by thoroughly practical men, on the ground that 
the principle we briefly explained in Note No. 28, p. 185, 
has been proved aa eminently succesaful in practice. 
In the note just referred to we pointed out that the 
agents or substances used to quieten or soothe down 


‘the seething mass which Bessemer steel presenta in the 


ladle into which it has been poured from the “oon- 
verter” in which the cast iron has been converted, 
into steel, are in themaelves, if in excess, impurities or 
substances which deteriorate the quality of the steel. 
Long experience, aided by the closest of observation, 
enable these substances to be used with a degree of 
accuracy of adjustment to the requirements of the 
steel, which it is desired to make of a certain standard 
approaching closely to practical perfection. And the 
problem has been rendered all the easier of solution by 
the fact that of the various substances at one time used 
as quieting agents one is now chiefly used—namely, 
ferro-manganese, This, at one time not available, 
except in comparatively small weights, was by im- 
proved processes, largely consequent upon the highly 
successful practice of a well-known Continental steel- 
making company, showing the great value of the ferro- 
manganese, rendered available in large bulks, Those 
of our readers who are acquainted with the process of 
Bessemer steel making know the important part 
spiegeleisen plays in it; those who are aware of the 
peculiarities of the manufacture will find a notice of 
this material and its action in steel making in the 
series of papers in this Journal entitled “The Steel 
Maker.” In converting cast iron into steel by the 
Bessemer converter process, the object is not merely 
that each charge shal] possess a certain amount or 
percentage of carbon, but also that the materials, such 
as spiegeleisen and ferro-manganese, which it is found 
in practice necessary to add to the charge at the 
conclusion of the process, and before the charge, as a 
whole, is turned into the ladle, shall be thoroughly 
mixed with the iron converted into steel by the peculiar 
action of the “Bessemer blow.” When we consider 
that the peculiar characteristic required in the metal 
of a given charge or blow, such as hardness, depends 
upon the quantity of those added materials, the young 
reader will perceive how essential it is that each part 
of the mass shall receive the percentage or amount of 
these materials due to it, so that the mass throughout 
shall be of equal character or homogeneous, We see 
the necessity for this uniformity of character in the 
steel, whatever be the proportions of the added sub- 
stances used to gain a certain quality in the steel; and 
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we find that those proportions vary very materially. 
Thus in a five-ton charge of converted steel, when a 
certain degree of hardness is required to be given to: 


it as much as from 14 to 15 owt. of spiegeleisen “ 


is added; while another charge to have a certain 
quality of softness will have as low a weight as 84 Ib, 
of ferro-manganese only added to it. In the one case 
it ia obvious that. the mixture of the large masa of 
spiegeleisen must be very complete, as from the very 
largeness of the added bulk of material, if mixing 
.be not complete, some part may have an extremely 
heavy overcharge of the hardening material, while 
another part may have just ag great an undercharge, 
Nor is the necessity for thorough mixing of the con- 
stituents leas urgent in the other case, where the bulk 
of added ferro-manganese is very small; for in this 
cage, if admixture be not thorough, it is obvious that 
while some part may have just the right proportion 
due to it, another may have too little, while another 
part may have none at all. And when we trace such 
charges of imperfectly mixed materials in the after 
processes of the manufacture through which the metal 
is taken, we can easily understand how a rolled bar 
or rail may have some part of its length of a differeht 
quality or constitution from another, being too hard 
or too soft, as the case may be, or of greater or less 
strength ; and therefore how untrustworthy it may be 
as a mass or whole for constructive purposes, And 
when we consider further how exceedingly minute in 
one sense is the difference between one piece of metal 
in regard to one constituent—phosphorus, and another, 
the smal] excess of this constituent in the one making 
an ungound or untrustworthy rail or bar, the other 
having @ less or right percentage of phosphorus 
being thoroughly sound and trustworthy, we are still 
more convinced of the necessity which exists for the 
whole of the constituents of the Bessemer steel charge 
being thoroughly mixed and blended together. But 
‘another point remains to be noticed, although it was 
more or less incidentally referred to in Note No, 28, 
p. 183. This is, that thé addition of the substances we 
‘have named as necessary to the perfecting of the iron 
converted into steel is, in itself, one of the canses of 
the mixed metals having that frothy, seething, “blown” 
condition which constitutes one of the grave defecte of 
the’ charge when it is turned from the converter. The 
two metals are in point of fact so dissimilar—namely, 
the decarbonised iron charged with oxygen, which forms 
what may be called the primary element of the con- 
verter charge, and the metal of the highly carburetted 
splegeleisen or the ferro-manganese—that when mixed 
or thrown together a violent ebullition takes place 
causing large disarrangement of gases, to which in the 
previous “note” we alluded, and which bubbling up ' 
and escaping of gasea continues till a more or less per- 
fect admixture of the whole be secured, We have thus 
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@ reason of doubled urgeney for getting this sie 
mixture; first the necessity to mix the added con- 
stituents or materials which are given to produces 
certain quality, so that all parts of the mass shall 
possess as precisely similar a quality as it is possible 
to obtain; and secondly, that by thorough mixing the 
gases, in place of being occluded, or, as we should aay, 
closed in the mass, shall be allowed to escape, and thus 
prevent the formation of the honeycombed or blowholes 
which, as we have seen, have formed and still form eo 

undesirable a peculiarity of many Bessemer ateel ingots, 

While some of our readers will now admit the necessity 
of this thorough admixture of the constituents of 
Bessemer steel, in order to ensure sound and solid 
castings, they may be disposed to conclude that, being 
in effect a chemical mixture of certain chemical 
constituents, this will be complete, But itis only an 
imperfect or comparatively incomplete acquaintance 
with chemistry which can give rise to this opinion. 
For, as has been well pointed out by the late Sir 
William Siemens, who was as eminent for his chemical 

knowledge as for his mechanical ability—both being of 
the highest order—there is “such a thing as imperfect 
and perfect chemical admixture.” And he illustrated 
it in his usual happy way by taking the very familiar 

example of soda in effervescing water. You might pump, 
as he said, “carbonic acid gas into water and make 

soda water,” but if it were used immediately after it 

was made you “might just as well aave yourself the 

trouble of forcing the carbonic acid into the water, 

because it came out instantly.” But if a.second bottle 
of the mixture were made and kept closely corked up | 
for a week, so good a chemical combination or ad- 
mixture of the gas and the water would be obtained 
that the liquid would have some claim to be called an 

effervescing drink in which both gas and water would 
be swallowed—the gas not flying off so quickly but 
what some would be retained. But if a third bottle 
were made, and this kept.up closely for three months, 
so complete would be the combination of the gas and 
water—admixture with or absorption of the gas by the 
water-—that the liquid might be poured out into a glass 
and left open, and yet gas would be retained by the 
water for a considerable length of time. It is just 
possible, and we are inclined to believe it to be very 
probable, that as the result of the close and continued 
study, combined with a never-tiring carrying out of 
experimenta, both on the large or furnace or workshop, 

and the small or labofatory scale, some method will © 
yet be discovered by which the chemical admixture . 
of the constituents used in the making of Bessemer 
steel will be as rapid as it will be complete, obviating — 
all necessity ‘for a mechanical admixture. Mean- 
“while this seems necessary; and although there are : 
some thoroughly able and practical men who. main-" 
tain that this lack of soundness in Bessomer steal 
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ingots does not arise from the want of a thorough 
mechanical admixture, but from causes other than 
and probably in addition to this, the system of 


mechanical mixing as introduced by Mr. Allen, of 


Sheffield, has proved iteelf to be of the highest 
practical value. It is right to state that, with that 
remarkable characteristic of Sir Henry Bessemer of 
looking at a subject so thoroughly all round, he is 
able to foresee or anticipate coming difficulties, and to 
be able to provide forthem. This able and successful 
metallurgist long ago patented a method of securing 
a thorough admixture of the constituents of his 
steel. Sir Henry thus proposed, and indeed devised, 
o mechanical agitator revolving in the fluid metal; 
this being covered with melted slag, so that the 
atmosphere was prevented from coming in contact 
with the metal as it was stirred. We have s0 com- 
pletely exhausted, or more correctly stated have so 
exceeded, the space allotted for this “note,” that we 
after all cannot redeem our promise at present to 
describe Mr. Allen’s apparatus, This, however, is the 
less to be regretted—if, indeed, there be cause for any 
regret at all—inasmuch aa what we have given is 80 
important to be understood by the youthful or inex- 
perienced reader, that the description of the apparatus 
may well be deferred to the space of another note; 
and this we hope to give in our next number, 


G4 The Weight of Iron per Square Foot in Ounces of Dif- 
ferent Thicknesses as per ‘‘ Nos,” of the Standard Wire 
and Metal Gauge 

In a future note the thicknesses in parts of an 
inch corresponding to the “Nos.” of the gauge here 
given will be found. 
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No," of Gauge. peat in Staak 'tNo," of Gauge. Weight in ounces 





per square foot. 








192°00 16 


1 40'96 
2 176°64 17 85°84 
8 161 ‘28 18 80°72 
& 148+48 19 25°60 
5 185'68 20 2304 
6 122°88 21 20°48 
? 112°64 22 17:92 
8 102°40 28 15°86 
9 92°16 24 14°08 
10 81°92 25 12°80 
11 74°24 11°52 
12 66°56 27 10°49 
18 58:38 28 0°47 
14 51°20 29 8:70 
15 46:08 80 7°98 





65. Weight in Pounds of Square Bars of Wrought Iron per 
foot lineal, from a quarter of an inch on the aide up to 
two inches, 

d inch = ‘208 of a pound; §” = ‘468; 4” = ‘833 ; 
§" = 1:3 lb.; 2” = 1°87; {" = 2°58; 1 inch = 8°38; 
1p" = 4:21; 17 = 52; 19" 2 68; 13 = 75; 
1g” = 88; 13" = 102; 1g’ = 11°71; and 2 inches 
= 133 Ib. | : : 
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66, Weight in Pounds of Bound or Rod Wrought Iron per 
} lineal foot of diameter from 9} up to 6 inches. 
24 inch diameter = 11:82 lb.; 23” =m 13:25 Jb,; 
28” = 14:76; 22” = 16:36; 29” = 18°03; 22” = 
19°79; 22" = 21°63; 3 inches = 23°56 lb.; 34” = 
25°66; 32” = 27°65; 88” ac 39°82; 34” = 32°07; 
3B” = 34:4; 32” = 36°81; 32” = 39°31; 4 inches 
= 41°88 Ib.; 4)" ao 44:54; 4)" = 47°28; 479" 
50-11; 44” = 53°01; 48” = 50:00; 49” = 59-06; 

42” == 62°21; 5 inches = 65:46 Ib, 


67. The New Waterproof or “ Willesden” Paper for Roofing 
| Purposes, 

A new method of preparing paper and other sub- 
stances, a8 textile fabrics, so as to resist damp, mildew, 
ete., and which gives them other useful properties, 
has been recently introduced, and details of the pro- 
cess so perfected that it is being now carried out on 
the commercial scale at Willesden, near London. The 
process affords another example of the service done 
by the theoretical chemist to the practical work of 
the day, and in adding new industries to the in- 
finitely wide range already existing, Thia paper can 
be used for a variety of purposes, and amongst 
others for the covering of roofs of sheds, ete, for 
which purpose it promises to be a decided rival to 
corrugated iron and zinc, as being not only much 
lighter, but cheaper, And, if the commercial samples 
come up to the value of the experimental ones, it will, 
we think, quite cut out the use of roofing felts, to 
which there are 60 many objections. The peculiar 
chemical features of the process may possibly form 
the subject of a succeeding note under this section ; 
meanwhile under this head it will suffice to state this 
much: that the paper and other fibrous substances, such 
as canvas, to which it is specially applicable, are treated 
with a chemical compound to which the name of 
“ oupra-ammonium” hasbeen given. This by chemists 
is generally considered as indicating one of that class 
of substances which is obtained by a combination of. 
ammonia with certain compounds of copper, the result 
of which is a “ metallo-ammonium ” containing copper. 
All those compounds have been long known to have 
the power to dissolve the cellulose with other allied or 
similar substances present in paper, cotton, and other 
vegetable tissues, or if not of dissolving them, so acting, 
as in the opinion of some chemists they.only act, 
in gelatinising the cellulose and allied substances, or 
disseminating them just as starch is spread in water. 
Be this as it may, the action may be taken as one of 
dissolving, and the cellulose forms a species of glue, 
gum, or cement, which gives to the paper or other 
tissue under certain treatment properties which enable 
them to resist damp~-becoming waterproof, and from 
the presence of copper in the substances preventing 
the attacks of insects, mildew, rot, ete. The best 
results in those directions are obtained by the use 
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of the metallo-ammoninm eeicand known a8 the 
ss cupra-ammonium hydroxide,” another great advan- 
tage possessed by which, as compared with the cupra- 
ammonium sulphate, another of the compounds, is 
that no copper is precipitated, so that the iron tanks 
and iron. and steel mechanical appliances used in 
the manufacturing process are not subjected to in- 
jurious attacks of this kind—care only having’ to 
be taken that no copper or brass ia ued in those 
appliances, otherwise corrosion is unavoidable. The 
solution of the cellulose in the paper, etc, not only 
covers it with a species of cement, but seems to bind 
or weld together the filaments of the fibres. This 
property is taken advantage of in the manufacture of 
the peculiar paper described as “ Willesden welded,” 
which is proposed to be used as a substitute for 
galvanised iron, sinc, or felt, for roofing purposes. 
The other class of paper made under the process is 


‘termed the “ Willesden unwelded,” and is simply a 


single web or ply of paper passed through a bath 
of the solution and rolled and dried, This covered 
with the cement-like substance—cupra-cellulose—pre- 
viously named, gives it damp-resisting properties, 
which amongst other uses makes it specially useful 
for covering damp walle of buildings, or preventing 
them from becoming dimp. The “welded” paper 
consista of two or more plies or sheets of paper, 
superposed, passed through the bath of the cupra- 
ammonium hydroxide solution and rolled so as to 
form a close, solid sheet or homogeneous “ panel” 
of continuous and indefinite length, of a given width. 
It is this cupra-papyrus material, as we may call 
it, which ia the roofing substance, and which being 
sent out from the factory asa rolls, can be trans- 
ported easily from place to place, and is also in 
the best form for working. This roofing panel, or 
paper board, is made with four plies or single sheets 
of paper. Qomparing it with galvanised iron, a 


. “aquare,” as it is technically termed (t.¢. a hundred 


square feet), of the paper weighs only 15 to 18 Jb,, 
the galvanised iron 108 to 280 lb, Taking another 
mode of estimating the relative values, it is found 
that a ton weight of the paper will cover 12 to 15,000 
square feet, or say from 120 to 150 “ squares”; the 
galvanised iron, on the other hand, will cover only 
from 800 to 2170 square feet, or say from 8 to 22 


squares, The very great difference in the.cost of the 


two materials is abundantly evident; the saving in 
mere transport, as in the case of colonial buildings, 
for example, being large in amount. The question of 
mere relative cost is, however, regulated or made 
valuable only if the constructive qualities of the 
paper are at the best not less valuable than, the 
vanited iron. We believe that it will com 
erourahly in its constructive features with the 
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galvanised i iron, In the drat pla the paper being : 


so very inuch lighter than the galvanised iron, much 


lighter timber work for the roof truas will be required. 


And as there is a much less cubical quantity of timber . 
there is a corresponding les, ening of the risk of and . 


loss from fire. Again, on the other hand, while the 
paper is not absolutely incombustible, like the gal- 
vanised iron, it is practically fire-resisting, not merely 
on account of ita metallic nature, but from the density 


of the material itself. This feature is often lost sight: 


of, yet it is a valuable one; it is not, for example, 
#0 easy'a matter to set fire to and consume completely 
a sheet of thickish cardboard laid flat on a surface, 
In the second place, a building covered with a paper 
roof will have its interior temperature much more 
uniformly maintained than one covered with galvanised 
iron. In tropical climates, and even in some scasons 
in this climate, the heat under a galvanised iron roof 
is at times almost intolerable, while at night the “drip” 
arising from the -apid condensation of vapour is in 
itself a great in.onvenience in most buildings, We 
may look forward with some degree of confidence to 
this new material being applied to a wide variety of 
constructive purposes, It seems to us well adapted 


“for meny simple forms of buildings, such as sheds, 


farm buildings, etc, and we feel assured that cottages 
constructed with it would be infinitely more comfort- 
able and healthy than the great majority of originally 


ill-built and now tumbledown brick cottages, which 


are neither wind nor water proof in wall or roof, 


68, Building or Garden Plots of Land—Breadth or Width of 
Plots of a: given Length required to make a Statute Acre 
in Superficial Measurement. (Ses Note No, 24 for Plota 
from 8 yards up to 89 yards odd in length.) 











Width of Plot, Length of Plot, 

Yards, Feet. Inches, Feet 
86 1 4 168 
88 1 5 174 
80 2 0 180 
78 0 2 186 

% 91 11 192 
78 1 0 198 
7 0 7 204 
69 0 5 210 
67 0 8 216 
66 1 8 222 
68 2 1 228 
68 0 2 234 
60 1 6 240 
59 0 1 246 
57 1 1l 252 
58 0 11 258. 
i 0 264 
58 2 4 270 
52 1 10 376 
61. 1 6 283 
’ Bl 1 8 , 288 
; 49 1 2 294 
48 1 8 $00 
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(22) In our last Note (No. 18), on the subject of 
“raising of steam,” we explained how the heat of a 
fire in boiling water resulted in mechanical force, as 
manifested in certain actions. In forming a theory 
of boiling we may best judge of ity accuracy or other- 
wise by the way it “squares with” or coincides and 
is supported by facta of actual work, so far as we 
know them in practice. The following theory or 
explanation of what takes place in boiling is accepted 
by those who have practically studied the subject, as 
it squares well with the indications of that practice. 
We have seen in the simple experiment named in last 
Note (No. 18) how a circular motion is given to the 
mass of water by the action of |. at. A circular or 
gyratory motion of the like character is by the action 
of heat given to each molecule or particle of water, 
which thus keeps whirling round its own centre, 
These molecules are attracted to each other, and form 
little groups or larger particles or bodies, which still 
keep up the whirling or gyratory motion. And us 
this motidn is caused or created by the heat, the 
greater the number of increments of the heat which 
the water particles take up—thus getting hotter and 
hotter—the more the whirling speed is increased, And 
this keeps increasing as more increments of heat are 
taken up; until the velocity at laat acquired ia such 
as to overcome the force of attraction which keeps 
the particles of the water together. A separation or 
flying apart from each other then takes place, and the 
liquid or fluid condition of the water is changed to the 
, Vaporous or gaseous form, and steam is produced, which, 
when the boiling is free and not effected under certain 
constraints, hereafter to be described, passes instantly 
upwards through the mass of water, and escapes 
readily from the surface in the form of a vapour, 
which is called “steam.” The motion of the watery 
particles, wholly the result of the heat taken up by 
them, is always circular or gyratory, and is always of 
this kind of motion at all temporatures below that at 
which the flying apart from each other or the sepa- 
ration of the watery particles takes place, and they 
are changed into vapour; and this circular motion of 
the watery particles is termed the “thermal” or 
“heat motion” of the water. But at all tempera- 
tures above the point just named (to which the name 
of the steam-flashing point may be piven) the com- 
bined vapoury and watery particles—for till the 
vapour actually gets free from the mass of water 
this combination existe—have their motion changed 


from circular to lateral or longitudinal. With this, 
as they dart from one part of the mass to the other, 
they strike against the sides of the vessel in which 
the water is being boilod with greater or less force. 
And although this force for each particle of combined 
vapour and water, or watery or “ primed” vapour, is 
infinitesimally small, still they are so innumerable 
in a large mass of wator, such as a stenm-engino 
boiler contains, that the united force is great--so 
great that they cause shocks or bumps agninst the 
boiler plates which are quite audiblo, as any one whio 
knows what “ boiler tenting” is well knows. And 
they can be felt also by resting the hand upon the 
boiler sides or top, when the vibration will be more or 
less noticeable. These combinod particles of water and 
vapour, thus striking laterally against the sides of the 


* vessel, recail or rebound from them, and others coming 


up to supply their place, a continuous volley, 0 
to call it, of shocks or blows ia kept up, so long ns 
the temporature is high enough and muintnined, 
Tho result of this action is a condition of the 
watery vapour in which it may be said to be the 
vehicle of a force, and to this is yiven the technical 
name of pressure. As we have seon that the primary 
manifestation of force in water which is boing boiled 
is circular, and is termed “thormal” or “ hent 
motion,” so the secondary manifestation of force, in a 
lateral or longitudinal direction, is callod “ proasure 
motion.” And how true it ia that the hent produced 
by the combustion of fuel in the furnace of a stenm- 
engine boiler is neither more nor less than. mechanical 
force, is proved by the fact that the heat which is 
required to produce a pound weight of steam is more 
than equivalent to half a million of “ foot-pounds.” 
The marvel is that, although all the phenomena of 
heat as applied to work-—thia specially of steam 
raising—-had been known for long, and must have 
struck more or less forcibly many able practical men 
and scientists, no one till that eminent scientist 
Dr. Joule, of Manchester—who has lately been taken 
away from amongst us—took tho matter up, and 
discovered and expounded clearly the law establishing 
the “ mechanical equivalent of heat.” But it is evor 
the province of true genius to see in what are called 
the “common things” of life some principle or law 
which gives grand dignity to that which others 
thought and talked about as mean and of no account. 
The vapour which passes off from boiling water in 
the form of steam 18 not passed off quickly; on the 
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contrary, inclosed as if were between the molecules 
of heated water, it is retained—sometimes through 
bad arrangements detained—in the mass of water for 
a longer or a shorter period according to the condition 
of boiling. What is called steam is generally only a 
mixture of steam and water; often, indeed, the latter 
is prescnt in large proportion, giving rise to the evil 
called “ priming,”—a source of inconvenience and logs 
in the working of the steam-engine, finding entrance 
as the mixture does to the cylinder. This water 
is the result of violent ebullition, or what may be 
called defective boiling; for if that were carried on 
ewsily and without constraint, the vapour would 
escape from the massa of water so easily that com- 
paratively little water would be mixed mechanically 
with it. No doubt but little more comparatively is 
known of the “behaviour” of water when boiling 
in the water space of a steam-engine boiler, than is 
known of the behaviour of steam in the cylinder of 
the engine. If we could see into the inside of both 
when working, we should then see what the difficulties 
are which so puzzle engineers. But we know sufi- 
viently now of what boiling is to justify the belief 
that before long wo shnll witness a great change in 
the arrangement of evaporating vessels of all kinds. 
If this should couso the statement, on the part of 
sume, that from the very number of forms of stenm- 
engine builers, for example, we must have made such 
vast Improvements that no great further change need 
be looked for—is not, indeed, required—this may be 
replied :—All the forms cannot be equally good; cach 
new form, indeed, ushered into the market claims 
to be a great improvement upon those which havo 
preceded it and are in use, and tho statement is not 
deldom made that the new form is destined to render 
wll other forms obsolete and quite out of date. The 
very number of now forms introduced, and in quick 
Ruccession moreover, is in itself evidence that each 
new competitor ix endeavouring to solve a problem 
tho conditions of which have not yet been met, 


(23) Under tho head of “Comentx” (see Note 
No. 21) we give now, one on the celobrated Armenian 
—sometimes called the Turkey—-cement, used by the 
Turkish jewellers in setting their precious stones, and 
which is stated to possess such adhesive powers, auch 
cohesive strength, that it will secure firmly together 
plates or parts of polished steel. And in ordinary 
work, if the force employed is really sufficient in 
amount to cause fracture of the body, that fracture 
or separation will take place at some point other than 
that at which the parts were cemented. This cement 
has for its basis ‘‘isinglass ’—the true or fish isinglass 
being here meant, not some of the modern gelatine 
preparations so called—gum mastic, and gum ammo- 
niac or galbanum. The dissolving medium is spirits 
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of wine or rectified aleshol of the standard strength. 
Of the isinglass, in the first instance, take, say, two 
ounces: the quantity will vary, of course, with the 
amount of cement desired, but the proportions here 
named must be observed. Soak the two ounces of 
isinglass in pure or distilled water, in quantity euffi- 
cient to soften it; after which dissolve the softened 
isinglasa with as much of the spirits of wine or rectified 
aleohol aa will make a fluid about the consistency of 
thickish—not thick—cream., When properly dissolved 
—under the application of a gentle heat the solution 
will be made more quickly and uniformly—take the 
gum ammoniac or galbanum in the form of little 
globules, technically called “tears,” and to ten grains 
of thia add portions from time to time, mixing and 
rubbing it up together with the dissolved isinglass. 
Take now in a separate glass or vessel six grains of 
the gum mastic, in the form of larger “tears,” and 
dissolve them in just as much spirits of wine as will 
make an absolute solution and no more, ‘Take this 
thick solution and add it to the mixturo first made 
as above, and mix the whole intimately together, 
The Armenian or Turkey cement will now be ready 
for use. But certain points in using it should be 
observed ; and this remark is equally applicable to 
all other kinds of cement where the best results are 
desired—and this ought always to be ao, otherwise it 
is, in the true and common-sense view of the matter, 
altoyether useless to ake the cement at all. In the 
first place, the surfaces to be joined must be made 
clern, perfectly free from greasy matter. Hence, to 
obtain this in the most perfect way, the sooner the 
cementing is done after the object is broken the 
better, the fractured edges being thus obviously in 
the natural condition of the material, and free from 
dust or greasy matter. (are, therefore, should be 
taken not to touch the surfaces with the fingers, for 
those of the “daintiest lady in the land” are, in a 
true sense, anything but clean or free from greasineas. 
If the fracture has been made for some time, or 
should there be any doubt as to the cleanliness of the 
edges of the fractured parts, they should be washed 
with a weak solution of ammonia liquid, and allowed 
to dry before the cement is applied. And before 
applying this, care should be taken to have the edges 
joined precisely in the line of fracture. If this 
precaution be neglected, it is obvious that a perfect 
joint cannot be obtained. The best way to deal with 
the parts is to place them on a flat surface, ay on a 
wooden board, and place the parts in due relation to 
one another; and if there be more than two parts, 


‘two'should be cemented and dried before the third 


part is taken in hand, and so on. In the case of 
parts of a new body, the surfaces of the joints should 
be carefully prepared, truly levelled, and made flat 
throughout, without any protuberances or hollow 
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parts; if these exist no true joint can be made, The 
cement should be applied very thinly and uniformly all 
over the surface of each edge, and these when brought 
exactly together in the line of fracture—if a broken 
body is being dealt with—are kept closely pressed 
together for a short time. When pretty broad sur- 
faces are to be joined, and the parta admit of the 
treatment, the comented joint will be all the more 
perfect if the parts, while they are being pressed 
closely together, be moved to and fro—one surface 
upon another. This can only be done for a short 
period, as the cement wil] soon take such a hold that 
movement will not be possible. The great object in 
cementing is to press out all the air between the 
surfaces, and to bring them in actual contact all over 
their spaces. All cements should be so kept aa to 
prevent dust from mingling with them; the bottle 
should therefore be carefully stopped, or the jar 
covered with a light cover. They will best be melted 
by placing the lower part of the bottle or jar con- 
taining them in hot or boiling water. 


(24) In a preceding note on “ Fuel and ita combus- 
tion,” in referring to the kindling of a common kitchen 
fire, as illustrating familiarly all the pointa of this 
important subject, we stated that the combination of 
oxygen of tho air with the constituents of the fuel 
which under the influence of heat created combustion 
was not immediate or even very rapid; that time or n 
preparation of the fuel was necessary, or what a high 
authority terms a “ species of cooking’ was essential, 
and the higher the heat within the burning mass the 
better the “cooking,” the more efficient the combus- 
tion as a heat given, The intelligent domestic knows 
this practically, although she may have no conception 
of the reason why. She knows, therefore, that the 
more she concentrates the heat in tho contre of 
the ‘grate, or rather the burning fuel, by keeping the 
kindling material close together, the more quickly 
will she have the coals burning brightly and her 
kettleful of water boiling. If, however, not observant, 
she, on the contrary, spreads the kindling materia! all 
over the grate, the kindling is a slow process, This 
circulation of the heat, this conservation of it within 
the mass of burning fuel in a grate lined at the back 
and sides with fire-clay lumps—a first-rate non- 
conductor of heat—is the secret why fuel always 
burns brighter and consumes more completely away 
in a grate so lined than in an iron grate, which keeps 
the fuel burning languidly, the iron leading off or 
conducting the heat away from the fuel, thus lowering 
its temperature. This conservation of heat, this 
maintenance of a high tefperature in the mass of 
burning fuel, is not always attended to in furnace 
construction and management, and is the secret of 
some boiler furnaces the success of which surprises 
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many, as there is no apparent difference between them 
and others which would account for their success. 
The wholo question of the “ condition” of the fuel an 
influencing combustion underlies all the points of 
successful practice; and it is to neglect of this essen- 
tial consideration that we owe much of the wasteful 
methods of furnace management but too frequently 
met with, and in it lies the secret why one man with 
the same materials and under the same circumstances 
gets as much work again out of coals as another. Let 
us examine a little further into this question of 
“condition” of fuel as influencing the process of com- 
bustion; and in doing so let us return to the familiar 
illustration of the kindling of the kitchen fire, in 
which all the phenomena of combustion are exempli- 
fied. If, in place of leaving the paper—which the 
domestic uses as one of the kindling materials 
in a loose, free condition, she folded it up into amall 
compass and pressed it lightly together,—and if in 
like mannor, in place of having tho wood in small 
“handy pioces,” sho had it in the form of one or 
at most two heavy “clubbocks,”"—aond further, if in 
place of “nice nobbly bits of coal” she had one large 
lump of coal,—atupid ax she might be, she could 
scarcely be so very stupid as not to know that there 
would be small chaney of kindling her fire quickly, if 
indeed she could have any chance of kindling it at 
all. But if she be intelligent and observant, she will 
know that it is necessary to have the paper free and 
loose, the wood or chipx small and short, and the 
couls in nice smallish pieces ; moreover, that it will 
save time if she be at the pains somewhat carefully 
so to build up her kindling materials that, disposed in 
layers one above the other, the paper first, the wood 
above this, and finally the couls, the air will have 
free access to them whon once they are kindled, so 
that it wil] become quickly heated and enter freely 
into combination with the curbon and the hydrogen 
of the coal. And with regard to the coal the domestic 
wil—if observant and thoughtful—soon learn that 
fresh coals will kindle much more quickly and burst 
into flame and lively combustion, than the same coal 
burned into the condition of cinders, or “coke,” if 
used 44 fuel,—the reason being, though she may 
not know it, that the cinders and the coke alike 
have had in different ways the bituminous mutter of 
the coal, yielding the hydro-curbons and different 
gases, distilled away, and that they are then difficult 
to kindle, and require » high temperature to muke 
them burn ns clear, red-hot incandexcent fuel. The 
condition of a fue) is nearly everything in relation to 
its quick and complete combustion. 


(25) We concluded our last Note on the subject of 
boiling of water for steam raising (Hee Note No. 22) by 
stating that we had much yet to learn ag to tho best 
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mode of boiling; but that recent researches and dis- 
coveries justified the hope that before long the steam 
engine boiler of the—perhaps—near future would be 
an immense improvement upon those which now prin- 
cipally dominate the market. If it be true that the 
present steam engine—and be it remembered that the 
boiler is as much a part of this as the lungs are of 
the human body—is the most wasteful contrivance for 
utilising heat-—and this the highest authorities declare, 
seeing that we obtain or retain for effective work but 
a very small percentage of the units of heat due to 
the combustion of fuel—there is surely good ground 
for our statement that a much better mode of boiling 
—evaporating—than the one which now dominates is 
ptill a necessity. At this stage of our inquiry the 
question arises, What, then, is boiling? As we have 
already said, there have been several definitions of 
boiling ; but some, while they tell us how boiling is 
effected, give us no information as to what boiling is. 
It is not the evaporation of water, as some tell us; 
for evaporation takes place at all temperatures, and 
water exposed to the air will dry up—evaporate—in 
winter as well asin summer. Others say that boiling 
of water is only effected by evaporation carried on at 
a temperature of 212° Fah., which hence is called the 
boiling point. But this is only true so far as it goes, 
and under certain conditions——as when the barometric 
presaure is at, in round numbers, thirty inchea, which 
is that generally existing at the sea level. But alter 
the barometric conditions—that is, the air prossing 
on the surface of the water (15 lb. to the square inch 
at the sea level); lower the pressure, the boiling point 
temperature no longer stands at 212°, but lower in 
proportion to the desrease of atmospheric pressure. 
Increase the pressure upon the surface of the water, 
and the boiling point rises above 212° proportionally, 
But when even under the average barometric pressure 
of thirty inches, the boiling point will rise and fall 
under certain circumstances in the operation of boil- 
ing. Thus it was very early discovered that the very 
material of which the vessel was made in which the 
boiling waa carried on affected the temperature of 
the boiling point, rnising or lowering it according to 
circumstances. Further, that in the same veasel the 
indications of the thermometer were dependent upon 
the position in which the bulb was placed: thus, it 
showed a different temperature when placed in the 
steam space from what it did in the water space of 
the vessel in which the boiling was going on. Let us 
examine further into the phenomena displayed in the 
boiling of water—say, in the glass retort or flask of 
the analytical chemist, in which a spirit lamp placed 
in the retort stand, below the retort, is the heating 
medium, and which when once adjusted may be relied 
upon asa source of heat nearly constant in tempera- 
ture—not fluctuating, as in the case of a common 
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fireplace ; commencing the simple experiment with the 
flask or retort filled up within an inch or two of the 
top of neck. : Amongst the first phenomena observable 
will be the rising of the water level: probably it may 
rise to the very edge of the neck, or it may even rise 
so high as to flow over the edge. This is evidence 
that there has been a repulsion of the molecules of 
water, causing them to occupy more space than 


‘before. This is clearly an indication of the “force” 


created by the heat, as the repelling force has 
obviously overcome a force greater than the normal 
attraction of the molecules. Watching the pheno- 
mena as they arise, it will be observed that a serice 
of clear, bright bubbles form, and become more or 
leas clustered on the bottom and partly up the sides 
of the flask, As the heat of the lamp is constant, a 
larger and larger amount of heat increments is taken 
up by the water, and the clear bubbles will be seen 
to detach themselves from the glass, ‘and rising to, 
break through the surface and pass into the atmo- 
sphere. These bubbles are filled with an invisible 
vapour, the vapour of water which is virtually steam ; 
and it will be noticed that the bubbles as they pass 
from the surface of the water in the flask are lesa 
in bulk than when they rested on the bottom of the 
flask, This arises from the fact that the bubbles as 
they rise from the bottom, at which point the water 
is the hottest, reach a level in the body of the water 
at which its temperature is much lower or cooler than 
the water at the bottom of the flask. Passing through 
this colder stratum of water, the vapour in the bubbles 
is partly condensed, adding thus to the heat of the 
water at that level, and the bubbles, now much smaller, 
rise to and paas from the surface of the water. As the 
increments of heat are added to the water at the bottom 
of the flask, and this becomes hotter, the bubbles rise 
more quickly ; and as the level of the cool portion of the 
water is changed, the condensation isless and less marked, 
till at last, the whole body of water becoming of uniform 
temperature, there is no further condensation of the 
bubbles of vapour; these, therefore, rise rapidly to the 
surface, and are paased away as steam, taking the form 
of a white cloud of vapour, This is what is popularly 
called “steam,”—but it is not the true steam, which is 
an invisible vapour when formed, but being partly con- 
densed by the colder atmospheric air, it becomes visible. 
If a few glass globules, or other light floating bodies, 
were placed in the flask, the existence of a continued 
current would be made manifest, the globules being 
carried down by the colder strata of water towards the 
bottom of the vessel, and upon this getting heated would 
rise, till by the uniform temperature this continued 
current would largely cease. These currents are caused 
wholly by the heat, and are in themselves manifesta- 
tions of a force, the result of the heat increments passing 
from the heating Jamp to the water in the flask. 
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' THE STOWE MASON AS A TECHNICAL WORKER. 
TRE PRINCIPLES AND PRACTICE OF, AND THE 

» | MATERIALS HE EMPLOYS OF, BIB WORE. 


CHAPTER V. 

Ashlar and Coursed Bubble Work combined in Windows. 
In fig. 30 we illustrate another combination of 
ashlar work with coursed rubble. This shows the 
disposition of stones in a wall in which there is a 






Fig, 80, 
window opening, asaa. Technically, all openings, as 
doors or windows, are called “ voids "—that is, empty 
spaces or vacuities, by which the continuity of the wall 
is interrupted. The void or opening is “spanned,” 
or, 80 to say, bridged over, by a long flat-surfaced 
single stone, 6 4, called a “lintel,” the corresponding 
stone oc at foot being called the “cill,”” The “ashlar” 
quoin blocks are at d d, the interior filling between 
them being of coursed rubble work at ¢ ¢. Another 
void —— the arrangement of window being known 
88 @ “two-light”——is shown in fig, 3], the wall or 
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Fig. 81. 
pier” between them being in ashlar work. In 
place, of coursed rubble, as at 5, the wall may be 
formed of irregularly shaped stones, as at ¢, and each 
stme very carefully “‘ pointed,”-for which operation 
' gee a succeeding chapter. A variety of window lights 
eetth, their stone dressings will be found illustrated 


| dn the paper entitled’ “The Domestic House Planner,” 
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and in the Supplement sheets embracing examples of 
the styles of Domestic Architecture. 
Chamfered Work in. Stone Lintels, (ills, eto., ete. 
The lintel f in fig. 30 and the cill g are shown 
with a double line at the bottom edge. This does 
not continue along the whole length of the lintel 
edge, but is seen to stop short of the cills, being 
terminated by curves. This method of finishing the 
edge of a block is called technically a “chamfer,” and 
how it is done requires further illustration. When 
two sides of a block meet ‘at right angles, the corner 
or sharp edge formed is called an “arris.” Taking 
the arris off a block, either by way of making a sharp 
corner into an easy rubbing surface, os at the side 
posts of a door, or for giving the variation to the 
outline, more or leas ornamental as it is suppored to 
be, is simply cutting a part of the corner off by 
paring, planing or sawing, in the case of wood, or by 
the chisel in case of stone. A corner so treated is 
shown at a in fig. 6, Plate III., in section, and at 
6 in elevation, This “taking off the arris” from 
a block is sometimes otherwise called “ bevelling” 
or “splaying” (see “The Bricklayer” for an illus- 
tration of a splayed brick), generally a “chamfer.” 
In some cases the bevelled portion continues to 
the end of the block, a5 at &. But if it stops 
short of the end, as at ¢, it is called a “stop cham- 
fer,” and may be finished as there shown, It may 
terminate with a curved line, as is done when the 


“bevel” or “splay” is straight-faced, as in fig. 32; 








but if the arris be taken with a curved face, aa 
shown in the sketch to the extreme right of fig. 33, 
the “stop chamfer” terminates with a curved line, as 
atd. In fig. 6, Plate ITI., ¢¢ shows in plan the stop 
chamfer curved in face, as in the section at right 
of fig. 83, Fig. 32 further illustrates plain and 
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‘curved-faced chamfers (see the paper entitled “The 


Joiner" for further illustrations of ‘‘chamfers,” and 
the “Cyclopedia of Technical and Trade Terms” for 
the meaning, derivation and foreign equivalents). 
. ed | 3 , 26 
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Weathered" and ‘Throated Window Sills. 

The “sill” of a window, as at o in fig, 30, is gene- 
rally cut or wrought in a peculiar way. This is 
illustrated in fig. 84, The aill is not made flat- 
surfaced, with the top parallel to the bottom line— 
that is, with the,front face of the same depth as at 
back—but slopes downwards from a certain point 
to the front edge, the slope having as its height 
the distance as shown by the dotted lines in fig. 34. 
This slope is given to the upper surface, part of which 
projects beyond the line d of wall, in order that the 
rain may pass away from the top of the sill, and 
running down the front face, drop to the ground as 
at errow o This sloping surface, shown in com- 
plete sill at //, fig. 34, 
is what is technically — = - 
termed “weathered.” -  -- —--—~— 
But a little considera- 
tion will show the pupil 
in masonry that wher 
the rain passes down the 
front face of the sill, on 
reaching the corner it 
will be apt by the force 
of capillary attraction—or maybe blown inwarda by the 
wind, in, towards and along the under surface, and by 
this means—to pass to the wall, as indicated by the 
arrow ), fig. 35. Now, it is an object of importance 
to keep all rain “drip” 
from reaching a wall. This 


is prevented in the case of ; ty 
the ill by cutting in th YpYyyy, 
arg eye 0 yy - 


wall a groove, aa d, running 
nlong from end to end. On 
the water or “drip” reach- 
ing to the outside edge of 
this, it cannot of course 
pass across the opening of 
groove or upwards within 
the groove, and therefore 
drips to the ground, 

Coping Stones, ‘‘ Weathered’ and ‘‘ Throated.”’-—Angle 

Quoins. 

Enclosing walls are generally finished at the upper 
pert or top course with a line of stone blocks. These 
are sometimes weathered on one side—that is, they 
have the sloping surface to shed off the rain on one 
side only, as in the diagram to the left in the upper 
part of fig. 35. Usually, and in good work, the 
coping stones are weathered or sloped on both sides, 
as shown in the diagram below. The sidés are 
usually plain, as the side 4 to the right of centre line, 
They are sometimes curved with an ogee curve 
(see the separate paper on “Mouldings,” forming 

one of the sections of the leading paper entitled 






Fig. 84. 
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“The Technical Pointe connected with Form and 
Colour in Industrial Decoration), as at side « In 
this diagram the coping stones are “ throated,” as at 
dd. When window or door voids are arched over in 
place of having a flat lintel, as in fig, 30, and are 
dressed with quoins at the sides, the quoin block at. 
the top of each side of opening is cut with an angular 
face to serve as an abutment for the springing arch 
at top, This may be, as ate or d, to the right of 
fig. 85, or the blocks may be cut as at a and 6 in 
diagrama above the last-named, part serving for the 
vertical part of the quoin, and part for a portion of 
the springing arch. 
Methods of Bending or Joining. Stones other than those al. 
ready described—Connect- 
ing Stones Mechanically 
Description of Various 
Y)yj Methods with Details. 
Le i, Before proceeding to 
Aillustrate the various 
Yj Ye Yj forms into which stones 
MWS are cut in order to serve 
as part of buildings, do- 
mestic or otherwise, it 
will here be necessary 
to go further into the subject of “bond.” This, 
however, only so far as methods other than the 
principle of bonding the stones of a structure together 
which we described in the latter part of the preceding. 
chapter. That principle 
of placing or disposing the 
stones of a structure #0 
that they shall interlock, 
so to say, with 
another, constitutes what 
is “true bonding.” There 
are other methods which 
are more purely mechani- 
cal, inasmuch as some of 
them demand a special 
treatment or cutting of 
the stones so as to form. 
special interlocking. or dovetailing parts by which the 
stone are mechanically held together. In other methods 
special appliances purely mechanical, and for the most 
part formed of iron or wood (chiefly iron), are used, 
All the methods comprised under these two classes 
may be termed methods of bonding stonework — 
supplementary to what we have called the true 
principle of bond, or “ mechanioal bonding.” This 
“true bonding” here referred to may also be termed 
the natural method, being intringic, 90 to say, to, or 
purely characteristio of the stones themselves; each 
ag affording the means to bond with its neighbour 
according to its placement or disposition in the wall . 
or general structure. | on 
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THE LAND DEAINEER. 
DRAINAGE OF LANDS OF SOILS SUITABLE FOR THE CROPS 
AND Live STock or THY FarRMER—ITs HIsTory, 
PRINCIPLES, AND PRACTICE. 





. CHAPTER II.. 

Ar the conclusion of the preceding chapter we stated 
that drainage improved dry soils, such as those of sand 
and gravel. The way in which poor arid soils are 
improved is, that the stones or particles of which 
they are composed may contain clay as a compo- 
nent, and by the action of air and water, afforded 
by draining, disintegration of such particles takes 
place, thereby furnishing clay by which the soil 
gradually becomes more and more retentive the longer 
these agents continue to act, until at length the soil 
becomes sufficiently retentive of moisture to support 
healthy vegetation. It may here be noticed that a 
similar action takes place when manurial matters are 
carried down to such soils through the agency of town 
sewage irrigation carried out in conjunction with good 
drainage, Hence one of the great advantages of this 
class of irrigation in soils such ay here named. As 
is well known, they are specially adapted, markedly 
in the case of sandy roils, for the utilisation of town 
sewage, (See “The Irrigator.”) 

Importance of Good Design in Draining Operations,- 

Systematic laying or setting out of the Drains, 

A frequent cause of inefficiency, and at the sume 
time of unnecessary expense, in draining at the pre- 
sent day, is want of comprehensiveness and system in 
laying out or designing the work. This may be 
exemplified in such a case as a single field, or several 
contiguous enclosures, in a farm or estate being drained 
without due provision being made at the time, either 
in the direction or depth of the outfall, or branch 
main draina, or the size of the ducts of such drains, for 
their being made available for carrying the drainage 
of an extended area of ground to be drained at a 
future time; or that it may not in any way interfere 
with the efficiency of such future draining. The extra 
cost of lifting and relaying a portion, or perhaps the 
whole of the main drains already executed, with the 
junction of the small or feeding drains, may be the 
least evil consequences of such want of foresight. The 
test of ekill in designing draining operations is effecting 
the thorough drainage of the greatest extent of ground 
with the fewest outfalls and the least length of main 
drains. This can only be attained by experience and 


attention in the art, and the most careful observation | 


of all circumstances that can in any way bear upon 
the operation, not only in the immediate locality of 
the work in hand, but also in the surrounding district ; 
and to this must be added that most essential property 
in ‘the skilful drainer of foresight. No draining, of 
even the smallest extent, should ever be commenced 
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without firet having the leading drains traced upon a 
correct plan of the ground upon a large scale, and every 
consideration given to after extension of the operation, 
before finally deciding upon the direction of such 
drains; and a correct section of the course of such 
drains should also be prepared, for which the levels 
should be taken at not more than one chain's length 
apart. 

Ability in designing, and Skill in carrying out, the Dotails 

of a Good System of Land Drainage. 

The last cause of the anomaly spoken of requiring to 
be noticed is the incompetency of the persons frequently 
entrusted to design and suporintend so important a 
work as the draining of cultivable land. Farmors, 
at least those of the past day, were not alwnys 
possessed of sufficient scientific knowledge to design 
and sufficient technical skill to superintend the execu- 
tion of all the work with that accuracy which unfailing 
success, and the utmost economy, in draining requires. 
The vocation of the farmer is not always the most 
favourable to: that training of mind and exercise of 
thought which deals with the various combinations 
of circumstances which drainage of considerable extent | 
frequently demands ; and it js not always that the mere 
farmer will give that careful attention to the effect 
of more simple circumstances which will in most 
cases influence the succesn of draining. However 
unqualified the persons just named may be to design 
and superintend the execution of draining opera- 
tions of considerable extent, or in any way of a 
complicated nature, with certainty of successful effect, 
still more so must be many persona who follow land 
draining as a business of life, and who, being often 
without the rudiments of the most simple education, 
must find it difficult, if not imposible, to succeed in 
an undertaking requiring, in its proper execution, not 
only considerable scientific attainments, but also great 
experience in the art, careful observation of circum- 
stances, and much foresight. And yet to such per- 
sona work is entrusted, not only of considerable 
extent, but also frequently under great complexity of 
circumstances, to be designed, and ite execution 
superintended. Where such a class of persons is 
so frequently employed to conduct the operation of 
draining, the wonder is that it should ever succeed, 
not that it so frequently fails in being thoroughly 
efficient.” 

In order that so important an operation as land 
draining may be infallibly efficient and economical, as 
it might be, men fully qualified to design and conduct 
the undertaking should be employed to consider all 
the circumstances which may have’ an influence on 
the operation ; to prepare a comprehensive plan of all - 
the leading drains; and to report on the best mode 
of conducting the work, and the cost of carrying 
it out to a successful issue, This, since the 
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ordnance maps, which being supplied to the public at 
a merely nominal price, have superseded the necessity 
of a special survey for » plan of the ground to be 
drained, may be done at a very insignificant cost. 
Accurately prepared sections of the leading drains, 
w properly drawn specification of the work to be 
executed, superintendence of the work whilst in 
progress, and certificate of due compliance with the 
specification of the work when completed, may all 
be had at a very moderate charge, not in many cases 
exceeding five shillings an acre—an amount «mall in 
comparison to the cost of the consequences already 
pointed out as likely to arise from the errors of in- 
competent persons being employed in a matter of so 
much importance as land draining—an operation on 
which improvement of the fertility of the soil in the 
first and greatest degree depends. 


Brief Glance at the History of Land Drainage, with some 
Guggestions flowing out from it. . 

Before entering upon the practical details of the art 
of draining lands or soils fitted to grow farm crops, we 
shall take occasion to glance at a few of its historical 
features, as those are calculated to convey something, 
if not of an absolutely practical character, at least of 
what may suggest points of some value, As in other 
of what may be called the primary arts of civilisation, 
in which the immediate support of life and much of 
ite comfort is secured more or less directly, we have to 
go back to the time of the Romans for the earliest 
notices of the practice of the art of drainage. Those 
wonderful people were ensentially a working people, 
and although far from disdainful of all those things 
which minister more to the luxuries than to the 
necessities of life, they, at least up to the later and 
the last periods of their national existence, when luxury 
was thought more of than Jabour, were distinguished 
for the close care they paid to all kinds of practical 
work. Of all the primary arta of civilisation, that of 
agriculture is the easential one which must precede 
all others and be carried on without intermission or 
neglect, if succeeding arta—life, indeed, itself-—are to 
flourish, Hence we find that they paid great atten- 
tion to farming, and some of their methods, con- 
trivances and mechanical appliances, foreshadowed or 
anticipated by many hundreds of years what form 
now part of the work of the modern art. 
was not overlooked, nor ita advantages altogether un- 
attained, through lack of methods of carrying it out, 
Those we find more or leas clearly, or as we might 
with perhaps greater truth say obscurely, explained 
by several of the Roman writers of poetry as well as 
of prose, They were, as may be readily conjectured, 
simple, if not of the simplest in character; and that 
their form was handed down and seen exemplified 
in the practice of this country hundreds of years after- 
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wards, there is no reason to doubt. Tint during the 
latter period of their dominion in this country, ti 
of land for corn-growing purposee—not ite preparation 
and maintenance for purposes of pasturage, which, stich - 
as it was in all ite neglected rudeness, formed for long 
periods the peculiarity of British agriculture—was © 
carried on, there is abundant evidence to show. Perhaps 
the most striking part of this evidence is that of 
the land throughout the kingdom, especially in the 
southern parta, extending from the coast nearest the 
Continent to as far as Anglesea and the Isle of 
Man,—which latter indeed they, the Romans, called 
the granaries of the western provinces. That the land 
which is now and for many generations back has been 
occupied by pasture was under tillage in the times 
of the Romans is beyond all doubt, This (to quote 
the words of one of the most experienced, practical, and 
most intellectually cultivated of our modern writers 
on modern agriculture, now gone to his rest) is clear 
to “every one practised in agriculture who examines 
the ridges, furrows, banks, roadways, landmarks, 
cuttings, etc., still to be found; ... when we reflect upon 
the time which bas been spent in working up many 
of these old lands into their present ridges, and in 
ploughing down sides of hilla into the breaks s0 
often met with, and the care exercised in forming 
them to free them of water, we shall be convinced that 
those marks of eultivation were not found in the 
occasional breaking up of wastes for a temporary 
growth of corn, but owe their origin to an age of 
continuous tillage conducted with considerable skill 
and the use of ploughs very superior to those wooden 
stakes we see delineated on Saxon coinsand drawings. 
.» Those pasture lands, with all the indubitable marke 
of having been once under tillage or corn culture, are 
known by equally indubitable evidence to have been 
under pasture for ages. But other evidences of wide- 
apread tillage, in other and what would seem to be 
moat unlikely places—even the very hill-tops in some 
diatrictse—are to be met with. Any one at allacquainted 
with the internal condition of this country for ages 
subsequent to the departure of the Romans cannot 
possibly refer this high cultural condition of the 
land to the ever-varying and ever-restless hordes of 
invaders who came to ‘harry the land of our fore- 
fathers,’ still leag to the undisciplined masses of those 
whom they invaded. And all history pointa, moreover,. 
to the fact of the low condition of agriculture for long 
and long after the country became settled under the 
sway of the Normans. Nor to the Normans ‘them-- 
selves, any more than to the mixed people into which. 
the nation, so to say, concreted themselves, and which 
formed the same race we now talk of as English, who 
lived for a long period after the Norman sway was, 
firmly established, could this high state of cultural.’ 
practice be attributed. $ 


_ THE BUILDING AND THE MACHINE 
DRAUGHTSMAN. 
_ CHAPTER V. 
Varieties of Pencils (opntinned). 

Av the end of last chapter we alluded to the fact that 
the draughtaman can now get for a penny a better 
quality of pencil than many of tne shilling pencils of 
thirty or forty years ago. For, dear as they were, 
they were not to be relied upon; and we have known 
a shilling pencil to be frittered away nearly to the 
end in the vain endeavour to bring it to a point fine 
enough for work. To be sure, it is possible that the 
“ pointing.” may have been-——very likely was—done in 
the wrong way; for in this process, as in all others, 
as we have already said, there is a good way and a 
bad one for carrying it out. And on this point of 
‘ pointing ” we shall presently have a word to say. 

We have used the word “brand” or “mark” as 
denoting the character of the pencil] purchased. The 
brands used are such as F, which indicates that the 
pencil gives a fine or light line, neither too thick or 
dark, nor too thin or light—what may, in brief, be 
called a medium line, the “lead” being neither too soft 
nor too hard. In the descending scale of softness, as 
giving a dark, black, and broad line easily, we come 
to the brand of B, or black, and lower in the scale 
still is the B B, or “double B.” But these three 
pencils are but rarely used by the architectural or 
engineering draughtsman, being chiefly employed for 
ornamental work, where shading more or less, and 
where dark, broad and bold lines are required. The 
F muy, however, be used for many purposes, as for 
sketching architectural and engineering details, for 
“note-book ” work, or for roughing-in working draw- 
ings and sketches on the board. The pencils used by 
the engineering or architectural draughteman are all 
in the ascending scale of hardness above the F, The 
pencil next to this is branded as H, being a shade 
harder than the F. The next grade is the H H or 
“double H,” and the next, generally the highest, 
is H H H, or “treble H,” although pencils are made 
with the “four H " mark, which if true to brand are 
very hard indeed. The brands H H and “ treble 
H” are those most frequently used, as giving a fine 
and light line, or rather a narrow hair-like one. 

Fineness of Lines. 

The fineness or “ narrowness "—generally spoken 
of as thin in opposition to “thick,” or more correctly 
“ troad”—of a line is of importance. This will be 
seen when it is remembered that, in addition to other 
requirements in a line, it often happens that a centre 
‘point’ is required to be obtained by the intersection or 
cutting of two lines. Now, the narrower or finer 
those lines are, the more precisely can the point of 
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absolute intersection or cutting be obtained. With 
very broad lines the point of actual intersection could 
not be ascertained. To make the pencil, even 
with its appropriate brand, give a nAFTOW OF fine line, 
it is essential‘that it be finely “ poin 
Pointing or Preparing the Peni] toe Werk, a Polat of Socie 
relma to the Draughtaman in the Accurate Drawing 
To point a pencil properly for drawing, it is 
necessary that the point be long. The young 
draughtsman will see the neceasity for this after he 
has, with thoughtful attention, drawn but a few 
lines along the edge of the T-square, which lines 
have to pass though given points previously marked 
upon the paper. If his pencil point be short and 
stumpy, he will find that the very thickness of the 
point will be the cause of hia not actually seeing 
that the point of the pencil goes over or intersecta 
centrally the mark made on the paper. Those marks 





. Fig. 8. 
are often of the very smallest, such as are made by 
the gentle prick with the fine point of a pair of 
compasses or spring dividers. And remembering this, 
it will be observed that it is necessary to have as 
clear a view as possible of the position of the point 


through which the line is to be drawn, If tho 
young draughtaman will put the matter to the test, 
and try to draw a line through a given small point 
along the edge of the J-square—the thickness of 
which itself, be it noticed, here tends to obscure or 
hide the exact position of the point—he will see the 
importance of attending to this matter of finely point- 
ing his pencil, and our remarks wil] be all the more 
fully enforced, Let him pvint a pencil as at 4, and 
another as at B, in fig. 3; and let him try the two in 
drawing lines along the edge of the T -square to pea- 
through pointe as finely put in as possible, and let hin: 
frankly say with which he feels most confident that 
the lines go through the pointa accurately, and with 
which he feels he can draw the easier, In the diagram 
a, the part from a to 6 is the pure uncovered lead 
of the pencil; from 6 to ¢ is the tapering part of the 
wood, Some will be inclined to say that such a long. 
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point of pencil lead as from a to 5 could not be made ; 
that it would break off before it: could be finished. 
No doubt it would, or will, if the trial be made in the 
rough, free-and-easy whittling style we have seen 
‘many attempt to point a pencil in. The operation, so 
far as it goes, is a delicate one, and as to the exposed 
lead part, that must be dealt with tenderly. Even 
with the greatest care, unless the lead be of high 
quality it is apt to break, even with the sharpest 
knife. The best plan to ensure a long and a perfect 
point, as from a to bin 4, fig. 3, is to gradually and 
gently cut off the wood, and expose the lead from the 
point b toa in tig. 4; and this should be brought 
to a point by rubbing it gently on glass paper—such 
as that used by joiners and cabinet makers to smooth 
the surface of their work. This is better than a fine 
file, which some draughtemen use. For if the sand- 
paper be glued or gummed down to a piece of thick 
cardboard, or a piece of thin wood, a much more 
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Fig. 4. 
delicate manipulation of the pencil and a finer point 
to it are secured than by the use of the file. There 
is some care required to cut down and off the wood 
covering the lead. It is best to begin at a distance 
at least as great as that from o to d in fig, 4, first 
cutting a thin slice down on each end of the diameter 
of the pencil so as to make it square, thereafter 
rounding off the corners: of this end, gradually expos- 
ing the lead, as at a in same figure. The young 
draughtaman must not think the time lost in reading 
these remarks on the pencil, which he may consider 
as altogether too minute and particular for such a 
trifling matter. He will not in practice find any- 
thing trifling which has to be done, and done well; 


and the pencilling must be done well, otherwise the 


drawing will be poor and defective. 


Practical Work in the Drawing of Lines the Basis of all 
well-executed Drawings.—Varietios of Lines.—Use ef the 
T-aquare, 

The young draughtsman having acquired the art 
of pointing his penci] fairly well—it will be some 
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time before he becomes a proficient in it—he will 
now be able to proceed to his work, and this at first 
will be the drawing of lines. He must not think this 
to be mere peddling, trifling work, Although vastly 
easier to draw straight lines by means of his 
appliances than it is to draw them, as the ornamental 
draughtsman does, merely by the manipulative 
dexterity of his hand and the accuracy of his eye 
(see “The Ornamental Draughtsman "),—still to draw 
lines with quickneas and uniformity of breadth, and 
to have the facility of stopping them exactly at any 
point without passing beyond it, will take some time 
to master so that he can do this work with facility 
and correct precision. It is not, however, to illustrate 
4the method of drawing lines in various directions and 
of given lengths that we here direct his attention to 
the subject of lines. This work he wil] learn best and 
quickest to do by thoughtful and careful practice. 
What we wish here to explain to him is the facility 
with which lines can be drawn in different relation to 
each other, as perpendicular or parallel and the like, 
by the use of simple appliances now to be described, 
To draw lines in these relations by such appliances is 
&® much more easy thing to do than to do them by 
the ordinary geometrical problems, although it is 
essential that the draughtsman should be acquainted 
with those, as he may have to apply them in circum- 
stances where the usual drawing appliances are not 
available. Lines parallel to each other (see “The 
Geometrical Draughtaman ”) dan be drawn through 
any number of given points, and at distances from 
each other within the compass of the paper and 
drawing board, with the greatest facility by means 
of the T-square, This has simply to be moved 
along either the side ab or cd, fig. 1, of the 
board, till the edge coincides with the point or points 
through which the line or lines are to be drawn. 
The finer the point of the pencil, as a0, fig. 3, the 
more closely can the edge of the blade of square be 
brought up to the point through which the line is to 
be drawn, and the more precisely and readily can the 
line be drawn to pass exactly across or through the 
point. If lines parallel to the sides, as ab or od, 
of the board, or along the board or paper, fig. 1, 
have lines drawn to them at right angles or perpen- 
dicular to them (see “The Geometrical Draughtaman”), 
those perpendicular lines can be drawn by simply 
moving the T-square so that the head or stock, as 
aa, fig. 2, shall alide along one of the sides, as ad; 
the blade, 4 8, running across the board or paper. All 
lines drawn along the edge of the blade will be at _ 
right angles with or perpendicular to all lines drawn | 
along the board—that is, when the head or stock of | 
the aquare was used along one of the ends, as ad, 

fig. 1. : 
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THE DIFFERENT ('LABSES OF ENGINES USKD CHIEFLY FOR 
MANUPACTUBING AND AGRICULTUBAL PURPOSES.—THE 
LEADING DETAILS OF STEAM ENGINES—(CONSTRUCTIVE 
AND OPERATIVE.—THEIR PRACTICAL WORKING AND 
EconoMIcaL MANAGEMENT. 





CHAPTER IIf. 


ConTINUING the general or popular description of 
the indicator, begun in last paragraph of preced- 
ing chapter, and referring to fig. 1 there given, 
we have to state that the pencil of the “drum” 
g g being in contact with the paper on it, the result 
of the two motions is the tracing of an irregularly- 


shaped figure, which is a graphic representation of 


the course of the piston and the varying pressure 
of the steam ‘upon it, and of which the mean pfeasure 





which it indicates is ascertained bya simple rule. The 
mean pressure thus obtained is used to calculate the 
power of the engine thus :—‘ Multiply the urea of 
the piston in square inches by the mean pressure 
upon the piston, by twice the length of stroke, and by 
the number of revolutions per minute, and divide the 
product by 33,000.” (Other rules and calculations will 
be given hereafter.) From the power thus obtained: 
the loss occasioned by friction of the various parte and 
by the back pressure of the steam on the piston is to 
be deducted—which on an average may be set down at 
one-fourth or one-fifth of the indicated power. By 
the use of the indicator the effective power of the 
engine is not only obtained, but by the very shape or 
form of the diagram which it gives we are enabled 
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to know the condition in which it works, and the fault, 

if any, which it possesses. \ 

General or Popular Description of the Diagrams taken by the 
Kndicator.—‘‘ Distribution” of the Steam in a Steam 
Engine Cylinder, 

In order to enable the young reader to understand, 
in a way sufliciently clear for the prevent, how the 
indicutor gives a diagram aa described in preceding 
paragraph, it will be as well to go into a brief state- 
ment of the principle of expansive working of steam 
in the cylinder of the ateam engine. And firat it will 
be necessary briefly to explain what ix technically 
termed the “ distribution” of the steam in the steam- 
engine cylinder ; and for this purpose we shall tuke the 
form in which a “ three-ported” or “D valve” is 
used, which is technically called a ‘ short slide.” 

One of the ports sends the steam to the under aside, 
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one to the upper side of the piston; the third port, 
which is alwaye between the other two, leading to the 
“exhaust " tube, which passex off the waste steam to 
the atmosphere. The valve covers two of the ports, 
one of which is always the exhaust port. The diagram 
in fig. 2 illustrates the distribution of steam in 4 
three-ported cylinder during one revolution of the 
crank, this being the movement of the piston, a, from 
top to bottom in a vertical, or end to end in a hori- 
zontal steam engine, ‘us in the diagram, carrying the 
crank throngh one-half of ita revolution, and then 
from bottom to top, carrying the crank through 
the other half of its revolution, and thus completing 
it. The points in the revolution of the crank 
in which it is in an exact line with the piston- 
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fod a @ are called its “ dead points,” because the 
piston has no influence in moving the crank round 


at these points, but simply a hauling tendency, as at. 


6, and a pushing one at the other, as atc, The fly- 


wheel, in the momentum which it has received during © 


the period when the piston hag been giving the crank 
ite full force, carries the crank past these dead points, 
The eccentric, which moves the valve, is fixed on the 
crank shaft, and is, in point of fact, a crank itself, 
changing its circular motion into a reotilineal one by 
means of straps and a rod, part of which is shown at 
J, the play of which is just double the distance between 
the true centre of the eccentric and that on which it 
is actually hung on the shaft. The “throw of the 


valve” is so arranged that when the piston d d is, say: 


nearly at the top or outer end of the cylinder ¢ ¢, as 
in fig. 2, the alide valve, f f, is at that position of its 
stroke when the upper or right-hand steam port is 
about to open, to admit the steam to the upper or 
outer side, g g, of the piston d d, the lower or left- 
‘hand port opening so as to allow the ateam to pass 
from the lower part of cylinder, d d, 4 h, to the 
open air, through the “exhaust port,” placed cen- 
trally between the two, or right- and left-hand ports; 
when the piston’ dd gets to the end of its stroke in 
the cylinder ¢ 4, the valve has been passed through 
half of its stroke in the opposite direction, and is 
just about to open the left-hand steam port, to admit 
steam to the under side, Ah, dd, of the piston. In 
this arrangement the ecoentrio is placed at’ right 
angles to the orank, and one port opens immediately 
the other is closed; so that steam is admitted during 
the whole passage of the piston from end to end of 
the cylinder, This brings about a state of matters 
very prejudicial to the working of the engine; thus, 
the speed at which the piston travels varying accord- 
ing to the pressure of the steam from 220 up to 500 
per minute, the young reader will easily perceive that 
at the end of its stroke the speed must be reduced to 
nothing before it can be impelled in the contrary 
direction——just as a man must stop or reduce his speed 
at the post in running before hé can begin the return 
journey. This sudden stop may either be made by 
coming in contact with the cylinder end, tending to 
knock it out, or by pulling on the crank through the 
mediym of the connecting rod, supposing that the 


piston is prevented from going to the end of the | 


cylinder by shortening to some extent the connecting 
‘tod, This in practice is what is done, the piston in a 
six-horse engine being stopped within a distance of a 
quarter of an inch from the cylinder bottom. At the 
end, then, of one movement of the piston it is pulling 
at the crank, and at the other end pushing at it in 
the opposite direction, with a force due to the momen- 
tum of « speed of from 220 to 500 feet per minute. 
The reader will at once see how this is likely to loosen 


7 Z THE STEAM, ENGINE USER. ° oo aes 


the bearings of the-ernkeabats poeta by plliag 
and pushing it alternately in opposite directions, and 
give great shocks to all the moving parta. To obviate 
this evil the valve is so set that the port towards 
which the piston is progressing is opened a [ittle 
before the piston completes its stroke, so that steam 
is admitted to its opposite side, acting as a cushion, #9 


‘ to speak, and bringing it to a dead stand without any 


undue strain upon the connecting rod and crank. 
The distance which the vatve is thus opaned is called 
the “lead” of the valve, and in a six-horse engine is 
usually one-sixteenth of an inch. It is so called, we 
presume, from the valve being led so much in advance 
of what is ita ordinary position as first described. But 
as the steam thus admitted to the under side of the 
piston before it has completed its stroke is of the 
same pressure as that on the upper side of the piston, 
the full effect of the “lead” can only be obtained by 


some means of reducing the back’ pressure on the 


upper or steam-pressed side of the piston; this is 
obtained by setting the valve so that the “exhaust 
port ” will be opened a little before the piston has 
completed ita stroke, thus permitting some of the 
steam to flow awdy, and release the piston of all back 
preasure as soon as it commences its return stroke, 
The distance the exhaust valve is thus opened is called 


‘the “lap” of the valve, and in a six-horse engine is 


nine-sixteenths of an inch, 

General or Popular Description of the Diagrams taken by the 
Indicater...Ezpansive Working of Steam.--Form of the 
Indicator Diagram. 

But in addition to the disadvantages named in 
preceding paragraph, arising from the system of 
admitting steam at its full pressure te follow and 
preas upon the piston during its whole stroke, another, 
and a great one, is in the waste of power incurred by 
it. Let us see how this arises. Steam is a highly 
elastic fluid, and, like all elastic fluids, is capable of 
being compressed and expanded in volume, By com- 
pressing it into a less spnce we increase ite pressure 
and decrease its volume; by expansion we decrease 
ita pressure and increase its volume. Mariotte was 
the first to show that the “pressure is inversely as 
the volume”; ao that if we compress an elastic fluid 
into half ita bulk we double its elasticity or pressure 
upon the vessel which contains it; conversely, 
if we allow it to expand into a space twice its 
usual bulk we decrease its pressure one-half, Now, 
by this law, with a gradually increasing expansion 
we haves gradually decreasing pressure; so that if 
we admit steam to press a piston till it reaches half 
ite stroke, and then cut off the steam, admitting 
no more, ‘the piston moves on, thus increasing the 
space into which the steam decreasing the . 
preasure till the piston, reaching-the end of its stroke,” 
gives the greatesh amount of expansion and receives 
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“she mjnimum amount of its pressure, This is what 
is meant by the “expansion of steam,” and the point 
at which the port is closed by the valve is called its 
“oyt-off.” This may be at one-half, but usually it is 
‘one-third or one-fourth of its stroke. - Though there 
is evidently and in fact a loss of power by working 
axpansively, there is a‘great saving of steam. Thus, 


taking the cylinder of a high-presaure six-horee-power 


engine at 74 inches diameter and 14 inches stroke, and 
using steam at 50 Ib, of pressure, during the whole 
of the etroke we have a power obtained equal to 
240 lb., with an expenditure of 59 cubic inches of 
steam; but by cutting off the steam at one-fourth 
of ita stroke, we have the power measured now at 
147 lb.—a great loss apparently ; but then we get this 
with the expenditure of a fourth part of the steam (14 
cubic inches), which is a very great saving. In round 
numbers we may assume that we get 22 times the 
work by using steam expansively. Let us explain 
how this is brought about by the use of a simple 
diagram. Lethhg g (fig. 2 ante), represent the 
outline of a cylinder of a six-horse high-pressure 
engine, the diameter of which is 7 and stroke 14 
inches. The pressure of the steam employed is 50 Ib., 
and the admission of the steam to the cylinder is cut 
off at one-fourth of the stroke of the piston, From 
the point g to ¢ the pressure is kept up to 50 Ib, 
Cut off at this point, the steam begins to expand into 
the space formed by the passage of the piston, till, 
on reaching the point j, or one-half of its atroke, the 
steam has expanded to twice its bulk; and in virtue 
of the law already explained, its preasure is reduced 
one-half, or to 25 lb. On the piston reaching the 
point &, or three-fourths of its stroke, the steam is 
expanded to three times its bulk, and the pressure 
reduced to 16% 1b. Moving still onwards, it reaches 
the end of its stroke at h, and the steam, expanded to 
four times its bulk, is reduced to one-fourth of the 
original pressure, or 124 lb. The mean of these 
‘pressures gives « reduced pressure, but at an expendi- 
ture of a quantity of steam filling one-fourth only of 
the cylinder, from g to ¢. 

In the last paragraph but one we showed bow the 
indicator gave a pencilled diagram’ on the paper 
wrapped round the drum g g (fig. 1): we are now in 
a position to explain the general form and value of an 
“indicator diagram” by the help of the illustration 
. last given (fig. 2 ante), and the preceding remarks on 
expansive working. 

The line from g to ¢ representa the rise from the 
atmospheric pressure existing in the cylinder at start- 
_ing up to 50 ib., ‘ib, which is the assumed pressure of the 
‘steam admitted to the cylinder, the line from / to m 
‘the continuance of that pressure during one-fourth 
of ite stroke, The gradually curved line formed by 


_ Joining the pointe m, n, o and p shows the gradually | 
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eile pei tis ts didi es ithe to 
the end of its stroke. From m to A, upper left- 

hand side of diagram, indicates the fall of the pressure 
from that point m to the upper line g A, which is 
called the “atmospheric line.” This would make a 
perfect dingram, but modifications in its form are 
brought about by defective working of the engine. 

In all diagrams the corners are rounded off more or 

less, owing to the gradual introduction of the steam 
into and its gradual exhaust from the cylinder; 

while all these are exaggerated by defective setting | 
ofthe valve. Certain defects ao indicate thomselves by 
certain forma of the diagram, that they are reflected 
in it, so to apeak, almost as accurately as the reflection 
of an object is given in a mirror, and consequently the 
engineer knows how to remedy them. 

General Principle of the Indicator. 

The indicator may be considered as virtually a small 
ateam engine, except that it has not the power to give 
motion, nor is it required to work any machine, Thu 
steam and. vacuum which are in the main eylinder 
of the engine are of precisely the same value in the 
indicator aa in the engine, Whatever is the result or 
force of steam, ate., in the engine cylinder, it is, ao 
to aay, photographed on the paper of the indicator. 
Photography ia now so thoroughly understood that. 
we hope the allusion to it may be pardoned; and i 
will undoubtedly picture to the mind of the reader 1 
method of reading off and understanding the result of 
the figure or diagram transferred to paper, which thus 
becomes a facsimile of what is at work in the interior 
of the large or main oylinder of the steam engine, 
from which all the results of power proceed. Haviny 
a clear idea how things are conveyed, though some- 
what mysterious, one will more readily understand 
what is the nature of the work the indicator does. . 

Perhaps some of our young readers may have heard 
of two kinds of steam engines, and therefore they 
may bea little perplexed, and wonder which of the 
two we are alluding to in connection with their indi- 
cations. It is, of course, necessary that the diffarence 
between the two engines should be generally described, 
so that every matter in connection with the steam 
engine indicator may be clearly understood. Two 
clases of engines are in use; and we give a brief 
description of the two so far as the difference between 
them is concerned. One kind is known aa the “ con- 
densing engine,” the other as a “high-pressure engine.” 
Both, of course, are worked by steam. The condensing 
engine is invariably supplied by steam of a much lower 
pressure. 

A low-pressure engine, or a condensing one, are 
oneand the same. The condensing engine receives its 
name from the circumstance of the steam being con- 
densed as 200n as it Jeaves the cylinder. ‘This is done 
in another cylinder called a “ condenser.” | 
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CHAPTER VI. 


Contincina our description of the “points” of the 
“ Horeford” breed of cattle, we go on io state that if 
in good condition, and when “ full-coated "that is, 
with the hair fully grown—the body colour of the 
bright red is mottled or dappled with tones or shades 
of w deeper red. Any white on the animal is con- 
sidered a sign of defective breed. A white udder 
in a cow may be overlooked, if the only part of this 
colour, but it would be rather missed than possessed 
by fastidious breeders, The eye is lurge and pro- 
minent, and gives a marked degree of placidity to 
the expression of the face; the nose is amall, and the 
horns are elegant, in curved contour. As we have 
anid, the carriage of the animal is fine, and the whole 
frame is very symmetrical, The bosom is full, with 
a deep chest; the legs are smal], tapering, and fine 
in bone below the knee; and where the fore-legs 
begin to swell out at the upper part, they sud- 
denly lose themselves in or become merged into the 
shoulder. The back is straight from the withers to 
the rump. The withers are light, and rest on or 
spring from the shoulders, which slightly retires 
and spreads, and. well rounded below. The hind- 
quarters nre high and fleshy. The meat or flesh is 
well laid on the shoulder points, fore-flanks and 
sides; and combined with what is a particularly 
favourable point in the breed, the peculiarity to lay 
on flesh along their tops, make the breed an almost 
perfect one us a meat-producing animal. 

Classification of Fattening Cattle according to the Form or 

Kind of their Horns. 

Cattle are by some classed according to the length 
or general character of the horns by which they are 
distinguished. Mongrel or cross-breeds are not dis- 
tinguished by thia point any more than by any other 
of the points by which “‘ breed” is known. The in- 
fluence of a multiplicity of “ crosses ” purposelessly or 
carelessly carried out, bring into existence all varie- 
ties of characteristics in form, colour, and feeding 
qualities. The influence of the first cross, or of any 
marked cross at any subsequent period, where the 
cross has been with a pure-bred animal or one ap- 
pronching to anything like purity of breed, lasts a 
long time—much longer than many would be disposed 
to think, eo powerful is the character impressed upon 
an animal by a good breed. And of al] the points 
which remain longest in their influence the horns may 


be perhaps taken as that point which is the most. 


rT ’ ‘ , 
Pp aie 
‘f “yy ; 
’ ng 
w oe 


THE GRAZIER AND CATILE BREEDER AND FEEDER. 


marked. However this may be, it is only ta be 
noticed here that the mongrel, or carelessly and re- . 
peatedly crossed breeds, chow » wide variety of horns, ; 
although but few comparatively are distinguished by 
very long horns,—generally they vary between what 

are decidedly short and those which are medium. . 
Classifying what are called the true breeds of British 
cattle according to their horns, we find that they all. 
come under one or other of three classes or divisions : 
first the long-horned breed, second the middle-horned, 





and third the short-horned. And these three classes 
take in the cattle of the three kingdoms—England, 
Scotland, and Ireland. Some writers treat of cattle 
under the national divisions, as English, Scotch, and 
Irish, without taking into account or classing them 
according to the length of their horns; the hornless 
breeds, known generally as polled breeds, falling to be 
described, under this national division, promiscuously 
along with the horned breeds, We shall describe the — 
polled breeds in future paragraphs, as forming—as 
their remarkable peculiarity naturally forms—a dis- 
tinct and special class. 


The Long-horned Breed of Cattle, or ‘‘ the Longhorns,” 


This breed takes its name—as will be obvious, from 
the illustrations given in figs. 4 and 5--from the length 





Fig. 6... . 
of the horns. These vary in regard to the curve or 
contour, but the form in the head in fig. 4 may be 
perhaps taken se the most characteristic shape in the 
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best animals or purest in breed—at least most common 
in the breed, bending inward and downward and partly 
upward in a line with the cheeks, In other cases, os 
in fig. 5, the horns spread out widely from and in a 
line with the head, sometimes neagly straight, some- 
times turning outwards from the head, but with points 
turned upwards, The length of the horns is greater 
in oxen than in the bull ; sometimes they reach in the 
former to a length of 42in.; from this down to 30 
to 32in,; in the bull from 24 in. down to 15 in. and 
16 in. In the cows of the breed the horne are about 
as long as those of oxen or fattening cattle, but are 
much finer and generally taper off to fine points, 
Different breeders have different tastes in the matter 
of the form or contour of the horns, a difference in this 
respect, if it meets the wishea of the purchaser, bring- 
ing often a much higher price than in an animal not 
possessing the horn peculiarity desired. Fig. 4 givesa 
variety of disposition of horn which is much admired 
by some, and is in fact the characteristic of a very 
distinguished hord of the breed. 

The breed of longhorns—at one time known as the 
Craven, sometimes the Leicestershire breed—has been 
known, from times the most remote in our national 
history, as the breed of the north of England. The 
localities of the breed comprised a very wide extent of 
country, taking in parta of Yorkuhire—of which the 
Craven district is the most distinguished in the annals 
of the breed—part of the counties of Westmoreland, 
Lancashire, and Cheshire, parts of Derbyshire, Staf- 
fordebire, Shropshire, Warwick, and of Leicester, 
Worcester and Northampton. Although the breed is 
now admitted to be a hardy one, and does excellently 
well in districts of which the pasturage can have no 
claim to be considered as first-clags in quality, yet in 
the earlier days of the history of the breed it was 
considered essential to have pasturages of the highest 
character. Hence districts in which such were found, 
as those bordering the rivers Trent and the Dove in 
the midland counties, gave the finest examples of the 
breed. 

The Longhorn Breed continued, 

For a long time the breed had no particular atten- 
tion paid to it in order to improve ita natural qualities ; 
these generally were a disposition to grow fat on fine 
pasturage, and to keep in fair condition when this 
was not so good, being on the whole considered hardy ; 
the beef was of good quality, and the hide for certain 
reasons was held in greater esteem by tanners than 


the hides of most oxen. But the breed took no very 


particular place as a fine one till about the middle of 
last century, when the celebrated breeder Robert 
Bakewell, of Dichley—often in farming works and by 
many breeders spelt Dishley—near Loughborough, 
in Leicestershire, took the breed in hand, Bakewell 
mony be said to be, and in view of other competitors 


357 


for the honour was truly, the father of modern farm - 
live stock breeding. He was assuredly the frst to 
raise it to the dignity of a science, having fixed and 
definite principles upon which ita practice was based, 
Bakewell was perhaps most celebrated, aa by many 
he is better and by a few only known, as a breeder of 
aheep—the celebrated “ Dichley breed” being known 
to all acquainted with the history of this clasa of 
animals of the farm, As will have heen observed, 
from what was incidentally stated in a former para- 
graph, Bukewell was well awore of the shorthorn 
breed and of ita value, but for roasons of his own he 
preferred to tako the longhorn in hand as that on 
which and by which he was to carry out his well- 
thought-out views on breeding, The stock which as 
the Dichley herd ultimately became 80 cvlobrated, 
started from a cow of the Cowley breed crossed by a 
bull from Westmoreland, selected and purchased by 
Bakewell, This “Cowley” breed took its name from 
a village of the anme name near Coventry, in Warwick- 
shire, at which farmed a Mr. Webster; who had 
brought seme cows of the Jong-horned breed from the 
banks of the Trent, to which we have already alluded 
asa favourite pluce for feeding good animals of the 
breed, Those Trent cows had been got from a broed 
known as Sir Thomas Glasby’s, which had originally 
come partly from Westmoreland and partly from 
Lancashire. With the cross of the Cowley cow with 
his selected Westmoreland bull, Bakewell gut his bull 
«*Twopenny,’ afterwards so celebrated. Applying 
all his profound knowledge uf and skill in breeding 
and management, acquired chiefly in the making of 
his celebrated flucks of xheep, and by years of quiet 
and cluse observation and patient trials, Bakewell in 
a comparatively short time established for his herd 
of longhorns a high reputation, and reaped both fame 
and profit from it. Previous to Bukewell’s labours 
in this wide field of productive work, other breeders 
had succeeded in giving to certain auimals or small 
herds breeding qualities of considershle value; but 
this was done, and considered poxssiblo only to be done, 
where tho cattle were fed on the finost pasturnges 
obtainuble. It was reserved for Bakewell to show 
that he could obtain a breed with the desirable qualities 
even when the land on which they were bred was not 
of the finest. The following in a description of the 
points of the breed, from tho pen of an able authority, 
“The. fore-end long, but light, to a degree of 
elegance; the neck thin; the chap small and clean ; 
the head fine, but long and tapering; the eyes large, 
bright, and prominent; the horns varying with the 
sex: those of the bull comparatively short—from 
fiftean. inches to two feet; those of oxen frum two 
feet six inches to three feet six inches; those of the 
cows neurly as long, but much smaller, tupering to 
delicately fine points.” The horns are variously dis- 
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posed, sometimes taking’ a direction wide spreading 
in a straight line from the head ; sometimes inclining 
forwards with the pointa turning upwards; but the 
most common direction is that of bending upwards 
and downwards, in a line with the cheek, the points 
more or less approaching each other, sometimes 
crousing the nose, or bending under the throat. 
Many of these peculiarities have by turns been con- 
sidered as the most beautiful, and have frequently 
‘made the difference of between three and four guineas 
in the value of the animal. ‘The shoulder remark- 
ably thin kind fine; in respect of bone, thickly covered 
with flesh ; the girth smaJl, oompared with the short 
and middle horned breed; the chine remarkably full 
when fat, but hollow when low in condition; the loin 
broad ; the hips remarkably wide; the quarters long 
and level; the neck of middle width; tail set on 
variously ; the round bone small; thighs fleshy, but 
tapering towards the gambrels; the legs small and 
clean, but comparatively long ; the foot neat, and of a 
middie size; the carease as nearly a cylinder as the 
natural form of the animal will allow; the ribs 
standing out hold from the spine, and receiving the 
entrails within them; the belly, of course, appears 
small,” 
It may appear strange to some readers, after all we 
have said in preceding paragraphs as to the high value 
of the “shorthorn” breed of cattle, that Bakewell 
should, although he knew of it, have passed it by, and 
taken to a breed which has not sustained, and indeed 
never obtained, the high position which he believed he 
gould secure for it, But it is generally understood— 
and the belief is based upon the best authority—that 
Bakewell deliberately chose the longhorn aa the one to 
form # herd from, because he was strongly convinced 
that there was no other breed that he knew of, the 
enimals of which could keep themselves in such good 
condition upon ao little food. And this belief 
is maintained by many still, At present the breed 
is rising in reputation, and of late years it has had a 
mparate, class given to it at some of our agricultural 
shows. The following givos the dimensions of a well 
known bull of this breed :— Length, from the rump 
to the extremity of the hip bone, 2 feet 4 inchea; 
from the poll to the tail, 7 feet 6 inches; of face, 
19 indhes; of horn, 264 inches.—Height, from the 
ground to ‘the brisket, 193 inches; chest, 24 inches; 
of the hind-quarters, 4 feet 83 inches ; shoulder, 
4 feet 7 inches; knee, 134 inches; hock, 17 inches,— 
Breadth, across the eyes or forehead, 10) inches; of 
the hips, 3 feet.—-Girth, round the “chap,” 1 foot 


9? inches ; cheek and forehead, 8 feet 9 inches ; neck, 


3 feet 7 inches; chest, 6 feet 11 inches; knee, 142 
inches; horn, 94 inches at root; bone of: fore-leg, 84 
inches; coronet of fore-foot, 14 inches; bone of hind- 
leg, 94 inches; coronet of hind-foot, 1] inches. 
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The Weat Highiaad Breed, 
Following the clasificdtion of many writers who 
take the British breeds according to their country, as 
England and Wales, Scotland and Ireland, this breed: 


would not fall to be noticed at this point. But as we’ 


are not giving an exhaustive description of all, but 
only of the leading breeds; and as we have—after . 
describing the shorthorn as the chief of all the 
breeds—claasified the others according to their horns 
or the absence of them, we come next to the “ West 
Highland ox” of the Scottish breeds, as an example | 
of the long-horned animals, Curiously enough, this 
has by some writers been distinguished asa middle- 
horn breed. This may be, and is, in many cases, its 
characteristic, if a crogs with the shorthorn; but one 
mark of the pure breed is its “noble branching 
horns.” The West Highland breed is not so great a. 
favourite as it once’ was; although ita flesh is still highly 
esteemed by West-end butchera, the best judges of : 
what suits the public taste; still there is, notwith- 

standing, an extensive rearing of the breed, and its 
deportation, and also ite carriage as “dead meat” to 
the southern grazing districts and markets, constitutes 
a large part of the business of the Scottish grasier——-by 

whom, and indeed also by his southern brother feeder, 

the breed is often called “ black cattle”"—or agin the 
south frequently the black Scotch, or in its inverted 
form of Scotch black. The breed possesses many 
valuable characteristics entitling it to the notice of 
the grazier and butcher: the quality of the meat, the 
hardiness of the breed, and the poor or comparatively 
poor pastures from which it contrives to produce this 
meat, as on the hilly or upland districts of the southern 
parta of the kingdom, or in any district where the pas- 
tures are poor; and finally, the readiness with which it 
lends iteelf to the system of cross-breeding—all combine 
to make the breed one well worthy of the consideration 
of the grazier. And as a fine, indeed an attractive 
if not a distinguished-looking animal, it 

claims of no mean order... And taking the breeder's 
estimate alone of it, it is worthy of notice that it haa 
many of the points characteristic of the pure-bred 
shorthorn, as wil] be seen in the description of the 
points of the breed given below. The West Highland 
breed is the original breed of the weat and of a large | 
part of the north of Scotland. At one time, before 
the great fortunes made chiefly by English merchants: 
and manufacturers tempted by high rents the “ High-. 
land lairds" to change their systam of pastoral lands. 
into “deer foreste"— which was one cause; ang 
before the change of the system of farming per ss 
substituted, and so extensively, sheep for cattle 
breeding and rearing—-which was the second caune;, 
the black cattle were seen in numerous herds sande" 
ee ee ee 

of Scotland, i. a 
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' THE COLOUR MANUFACTURER. 
‘WITH PRACTICAL NOTES ON THE, USE OF PAINTS AND 
: DYES IN DECORATIVE WORK. 
PART FIRST --PIGHENTS. 

eas OHAPTER ITI. 

In continuation of the subject of the objections to 
the use of white lead as a pigment, we have further to 
observe that when taken either into the stomach or 
through the pores of the skin, it exerts powerful 
poisonous properties. Plumbers’ colic is a well-known 
trade affection due to white lead entering the system 
through the akin. It may here be mentioned that 
the usual remedy is very dilute vitriol—which it need 


_ hardly be said must not be taken except in extremely 


small and cautious doses. Recently a patent has been 
secured by Messrs, J, B, Freeman & Co., of Grove 
Works, Battersea, London, fora “ non-poisonous white 
lead paint,” to which we shall have oocasion to refer 


hereafter. 
Zine White or French White, 


This valuable pigment is oxide of zinc. It is 
equal in whiteness with white lead, but is wanting in 
density orbody. It haa an advantage over the latter 
pigment in being unacted upon by sulphur fumes and 
coal gas. It is also more permanent than white lead ; 
it is not acted on by oil as the latter substance is, and 
consequently it keeps its brilliance and solidity for years, 
whilst white lead, under similar circumstances, loses 
in depth of colour in as many months, and becomes 
semi-transparent, permitting the colour of the surface 
beneath it to be plainly seen. This latter property of 
white lead is due to the decomposition of the oil used 
with the paint: a fatty acic is formed, which slowly 
acts upon the carbonate of lead, forming a lead ‘soap 
or lead plaster, and giving off carbonic acid. Such a 
reaction does not take place in the case of zinc white, 
no zinc soap being formed. 

Manufactare of Zine Oxide White, 

The manufacture of oxide of zinc or zinc white is 
carried on in a long furnace containing a double row 
or series of bottle-shaped clay crucibles or retorta, 
which lie in a reverberatory furnace—the mouths of 
which open through the wall or side of the furnace, 
into a long passage connected with wide pipes for 
leading the vapour away, The retorte, which are of 
fire-clay, generally measure 28 or 30 inches in length, 


_ 30 inches in breadth, and 6 inches in diameter or 
‘depth, the diameter-at the mouth being about 2} or 3 


‘inehea, The vapour passage is supplied with hot sir 
obtained by the waste heat of the furnace. To charge 
' the retorts the mode of procedure is as followa, The 


furnace is raised to a high temperature, so as to bring 


- the retorts to a bright red heat. Bars of metallic 
gine are then projected into each retort, through the 


open mouths or ends of the retorts, through aliding 
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doora in the vapour passage. These doors are thén 
closed, the furnace raised to a strong heat; the 
metal fuses, boils, rises in vapour and rushes out of the 
mouths of the retorts into the vapour passage, where, 
coming in contact with the current of hot air, it takes 
fireand burns into the white oxide, which is carried 
by the current along wide conducting pipes into 
collecting chambers, where it accumulates on the sides 
and is removed through sliding doors. Hach retort of 
the size above named communicates with four collect- 
ing chambers—which are of the form of large bottles 
inverted, the vapour pipe passing into the first chamber 
at the top, which opens into the second chamber at 
the bottom, which again opens into the third at the 
top, which opens into the next at the bottom, It is 
evident from this that any heavy particles carried over 
from the furnace or more readily condensible matters, 
will collect in the first chamber, That portion of the 
zine oxide which collects in the first chamber is of a 
greyish colour, due to the impurities present in the 
metal, and to particles of unburnt zinc, This first 
portion, therefore, is collected, and forms a zine white 
of inferior quality; the oxide which, having escaped 
collection in the first chamber, passes over into 


‘the seoond, third, and fourth, forms white of better 


quality. 
Testing Zinc White Oxide. 

Baryta white and gypsum are detected in the 
manner described under white lead. Ohalk, or carbo- 
nate of limo, is detected by dissolving the sample of 
sinc white in dilute hydrochloric acid, adding am 
monia in exceas, and then ammonium oxalate ; when, if 
lime be present, an immediate white crystalline pre- 
cipitate will form, which completely dissolves in dilute 
hydrochloric acid and ra-forms on adding ammonia, 
Chalk may aluo be detected by treating the sample 
with dilute sulphuric acid; the zinc oxide alone dis- 
solves, whilst any chalk present is converted into the 
insoluble sulphate of lime with effervescence. 


Gulphide Zino White. 

Under the name of Griffiths’ sine white is sold a 
white pigment which appears to possess more body 
and solidity than the ordinary zinc white, and is equal 
to it in whiteness. ‘The mode of preparation of this 
pigment is as follows. A mixture of sulphate or 
chloride of zinc and sulphate of magnesium (or 
Epsom salts) is prepared, and to it a slightly alkaline 
solution of sodium or ammonium sulphide is added. 
A copious white precipitate forms, which is collected, 
heated in a reverberatory furnace, and suddenly cooled, - 
The product is s pigment of pure whiteness, which is 
then ground in » mill and is ready for the market. | 

Manufacture of Baryta White, 

Baryta white, or sulphate of barium, is a pigment 

which is chiefly used in mixing, or obtaining sbades, « 
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“reductions” or pale colours, Asa white it is not 
extensively employed, owing to its lack of that 
“body” ao essential to form a good white paint, and 
which is possessed in so high a degree by white lead. 
It is, however, somewhat largely used in dtstemper 
paint, its defect in respect of body being in this class 
of work not so conspicuous, It occurs in a native 
state as heavy spar, and may be made artificially; it 
OCCUTS AB & by-product in the manufacture of mor- 
dants, for dyoing from acetate of baryta and sulphate 
of alumina, etc. 

The native product is prepared for use by grinding 
with water to a very fine paste; the quality obtained 
is inferior to that obtained artificially, being slightly 
coloured by impurities, and being moreover in a Jess 
fine stato of division. It is a cheap material, chenper 
than the artificial product, and cannot as a rule be 
employed for fine paints, 


Gypsum. 

This well known compound, known also under the 
name of plaster of Paris—the great capital being 
the first city to draw much attention to ita uso 
as a material in construction—ia a hydrated sul- 
phate of valcium or lime, the formula being CaSO, 
+ 2H,0, Itiafound very plentifully, chiefly in strata 
of the tertiary formation. The use of gypsum as a 
mortar, etc., depends upon a remarkable property 
which it possesses. When it is dried at a temperature 
of 132° ©. it loses nearly all its water, and is then 
termed burnt gypsum, or spar lime, which is the 
material used in making stucco work, and contains 
about 5 per cent. of wuter. When this is mixed 
into a paste with water and allowed to stand, it sets 
hard, owing to the union of the water with the burnt 
gypsum, forming CaSO, + 2 H,O. When ordinary 
unburnt gypaum is treated with a dilute solution of 
sulphate or carbonate of potash it quickly hardens on 
standing, the compound CaSO, + H,0 being formed. 
Sulphate of lime is largely used for “ enamelling ” 
paper, for which purpose the product obtained by 
precipitation is found to be the best. 


Whiting or Chalk. 

This article, eo largely employed as o friction 
cleansing agent, and as common marking chalk, is not 
used in oi] painting, but finds rather extensive em- 
ployment in distemper work. Chalk, or carbonate of 
lime, is represented by the formula CaCOQ,; hence 
in contact with acid, such even as vinegar, it gives 
off carbonic acid gas and loves its whiteness. It is 
prepared for usa in distemper either by finely powder- 
ing the native chalk or by precipitating a soluble salt 
of lime, such as the chloride, with carbonate of soda, 
filtering, washing, and drying the pure white precipi- 
tate.. By the latter method it is possible to obtain a 
whiter product than the generality of natural chalks, 


Chalk is largely used in chemical manufacturing, as | 
a source both of lime. and of carbonic acid. When 
strongly burnt, chalk is converted into common lime ; 
but for the manufacture of this material limestone 
is used, & substance of the same i oa as chalk. 
China Cley. : . 
This important compound jis used in immense 
quantities in the porcelain and pottery industries, 
and in “finishing” cotton goods, It is a silicate of 
alumina. It is a pure white, completely insoluble, 
very heavy compound, found in extensive beds in 
Cornwall and many other parts of England. 


Sulphate of Lead. 

Sulphate of lead occurs, as stated before, as a by- 
product. It is also obtained by precipitating a soluble 
salt of lead with dilute vitriol. It is used to some 
extent in painting, especially for mixing with other 
whites to cheapen them. It is a very heavy pigment, 
but does not form so good a white pigment for painting 
as white lead. Ita formula is PbSO,. 


List of the Chief Whites used in Water-Colour Painting. 

We now append the chief whites in use in water- 
colour painting, and known by fancy or arbitrary 
names, 

Spanish White consists of the finest white chalk, 
free from impurities of sand, iron, etc., and finely 
ground, washed, collected, balled or caked, and care- 
fully dried ready for the market, 

Wilkinson's White.—This is an impure oxy-chloride 
of lead, obtained by grinding litharge with sea-water 
unti] perfectly white. The product, after thorough 
elutriation and washing by decantation, is collected on 
a filter, dried, finely ground, and again dried. 

Lead Sulphate White.—This is simply sulphate of 
lead, obtained by precipitation of sugar of lead by 
sulphate of soda or dilute vitriol. 

Chinese White.-The pigment sold under this name 
generally consists of a paste obtained by rubbing, by 
xmall portions at a time, fine zinc white with gum 
tragacanth mucilage until of even consistence and of 
the desired strength. The latter paste is obtained by 
steeping 1 lb. of best transparent gum tragacanth 
or gum dragon, broken in very amall pieces, in 
1 galion of cold water for twelve hours, then boiling 
with constant stirring for about 4 to 1 hour, or 
until of even consistence. The paste obtained is 
strained or forced through calico, to remove lumps,’ 
and is ready for mining the pigment. This pigment 
is very largely weed in watercolour painting, being 
easily workable along with nearly all other pigments. 

Permanent White. —Thia is the sulphate of barium, 
obtained by precipitation from chloride of baryta with . 
dilute sulphuric acid or sulphate of soda, the latter 
being preferable. 

Alum White.—-This pigment, which is used for special 
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purposes, is composed chiefly of the hard insoluble 
oxide of aluminium or alumina. It is prepared by 
mixing 1 lb. of powdered aluin with 6 os, of honey 
into a smooth paste, then drying and calcining until 
all the black charcoal is burnt and the mixture is 
perfectly white ; after which it is washed and dried. 


Pigment Reds in Common Use, 

The pigment red colours in common use may be 
enumerited as follows: (1) red lead or minium, by 
far the most extensively used pigment ; (2) red chro- 
mate of lead, which we will treat under the head of 
chrome yellow, as it is more of an orange than a red. 
(3) Red ochre; and (4) English rouge, which we will 
treat under the head of iron yellow ochre; (5) ver- 
milion, the prince of pigments, largely used in fabric 
printing, but too expensive for common use; (6) 
mock vermilion, or antimony vermilion; (7) mineral 
kermes, also an antimony pigment; (8) madder lake, 
much used in fine painting for obtaining delicate 
rose tints; (9) Brazil-wood lake, used for the aame 
purposes as the last mentioned, but not so permanent, 
(10) carmine, or cochineal lake, a magnificent lake 
obtained from the cochineal insect dye, and exten- 
sively used in fine painting (other red lake we shall 
have occasion to refer to); (11) Rose pigment, of 
pink colour, used in distemper and in paper staining ; 
(12) Realgar, or bisulphide of arsenic, and a few 
other red pigments of lesa importance than the 
above named, and to which we will briefly refer, 


Red Lead, 

Red lead, or minium, is manufactured in large 
quantities, being mostly consumed for the painting 
of iron and wood work. For fine painting it is not 
well adapted, for the same reason that debara white 
lead from a similar employment--namely, ita property 
of blackening in contact with foul and sulphurous 
fumes, Red lead is an oxide, or strictly speaking 
a mixture of the two oxides of lead, litharge or 
protoxide and brown dioxide, It may be represented 
by the formula Pb,O, although strictly speaking it 
should be represented as variable mixtures of PbO 
and PbO,. 

The manufacture of red lead is conducted after 
‘the following principle, Metallic lead—which should 
be as free as possible from antimony, silver, and even 
iron—is melted upon the surface of a broad, rather 
low reverberatory furnace, and kept in a state of 
fusion during forty to fifty hours; the liquid is 
raked at intervals, and a good draught of air plays 
upon the surface of the molten metal, This treat- 
‘ment completely converts the metal into the red 
oxide. When the correct tint or shade of red is 
obtained, the top and front portions of the contents 
of the furnace are carefully raked out and fresh 


charge put in. 


86) 


Vermilio 

This magnificent pigment is of a brilliant scarlet 
colour, It is a sulphide of mercury, and hence is 
costly, and finds ita chief use in the calico printing 
industry, No pigment probably requires wo great 
care in its manufacture as this one, upon which 
almost wholly depends its quality, It is of the 
identical chemical composition aa the black sulphide 
of mercury, both substances being represented by the 
formula Hg8. On adding sulphuretted hydrogen 
gradually to n mercuric salt, a white precipitate 
is first formed, then an orange, and finally a black 
precipitate, which by careful sublimation ia converted 
into brilliant scarlet. Vermilion is manufactured in 
two different ways—the wet and the dry methods. 


The '' Wet" Method of making Vermilion. 

24 lb, of pure sublimed sulphur are placed in a 
mil], and mixed into o smovth paste with 6 Ib, of 
caustic potash dissolved in a little water; 1052 lb, of 
mercury are then added, and the mixture is ground 
together until homogeneous or of even consistence ; 
504 Ib, of cnustio potash dissolved in 5 gallons of 
water aro then added, by small portions at a time, and 
with agitation of the mixture. The mixture ia next 
slowly ground up agnin for a short time, and is then 
transferred to a crucible and cautiously heated on a 
sand bath with constant stirring the whole time, the 
water lost by evaporation being from time to time 
replaced. No rules can be given us to the amount of 
heat required, nor as to what exact temperature the 
mnixture ought to attain, these being points which are 
decided by the appearance of the muss as the heat 
rises, which causes the mixture gradually to thicken 
and becume scarlet red. It is necessary to increase 
the temperature very cautiously, and to take the 
crucible from the sand bath at a certain stage, which 
experience alone can teach, when the pigment reaches 
ita greatest brilliance of colour. Thia being done, 
warm water ix addul, the mixture being continuously 
stirred, until the temperature of the massa sinks to 
about 120 F., when a solution of caustic soda at the 
same temperature ix added, and the whole allowed to 
settle. The supernatant liquor is then poured off, 
and the vermilion is ‘“Soroughly waxhed with cold 
dilute solution of caustic soda, and finally with pure 
water, after which it is very carefully dried and very 
finely ground in a mill, The details of the manufac- 
ture of vermilion are not known except by the few 
makers themselves; many points, apparently trivial, 
such as the rate of heating as well as the degree of 
heat, having considerable effect on the finished pro- 
duct. It is of vital importance to employ only 
materials of the purest kind; the sulphur should be 
perfectly pure, and the caustic alkali free from iron 
and from any quantity of alumina, 
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ae TRE GENERAL PRINCIPLES OF 

= , MECHANICS. 
baws AVFECTING NavuRaL PHENOMENA~MA?TER 

45D Moriox. 
CHAPTER VI. | 
“Energy Exerted” and “Work Done,” may be considered 

as Synonymous or Convertible. Terms, 

We now see how “energy” may be said to be- 
“work”; and for all practical purposes this is 
emphatically true, We thus arrive at a more ex- 
tended definition of the term, which we may put in 
this form: Energy is that manifestation or develop- 
_ ment of force by which work is done. The work 
' which is done is practically the measure-of the force 
which has been manifested or developed. Energy, 
therefore, is simply the putting forth of the force 
which one naturally possesses to the performance of 
a certain “duty” or “work,” and has practically no 
- existence till this manifestation or development takes 
place. We may actually possess the force necessary 
to drive a wedge into the cleft of a rock, but we give 
no proof that we possess it till we put it forth or 
develop it, so that we positively drive the wedge into 
the cleft, When the work is thus done we can then, 
but only then, say that “energy” has been shown or 


developed, 
General Gourees of Energy. 


. We have employed the human body as an illustra- 
tion of the force which exists, and which can be 
developed into the doing of “work,” or giving out 
what, in another mechanical phrase, is termed 
“duty.” But it is obvious that all.we have eaid applies 
equally to any other body in which force axists—as 
a steam engine, And although:that may be such as 
that of a certain number of horses, this can only 
be practically proved or demonstrated by the “ work ” 
being actually done, or, as we often express it, the 
energy shown, The sources of force, considering it 
mechanically as a distinct entity, or as a something 
which can be practically taken hold of or availed of, 
are various, such as that obtained from steam (this 
primarily being derived from the combustion of coal), 
from water, wind, and that source of which we now 
hear ao much — electricity. All these are called 
“sources of energy "—or, to carry out the train of 


_, thought we have already expounded, we may call 


them sources of 3 “power for the doing of work.” 
These'are made available, or means are given to man 
by which he can draw practically upon them, so that 
they will do his “ work "—i.¢, expend their “ energy ” 

——hy contrivances which are generally and popularly 


: _ Geueribed as mechanical. We thus arrive, following 


up the considerations we have adduced, at a definition 
OF the term “ machine,”—3 combination of parts 


‘machine ” is given, 


‘of work.” ie 
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‘known gurl av mechs by whic “ongy is 
tranamitted “from one point to another.” | Thus; in, , 


. the case of the cleaving af wood; formerly named sem. . 


example of “work” doné, we have the force existing, . 
no matter how, in the body, given out as energy by 
the arm, and this acting as o lever, and the hand 
as the “gripping,” “nipping,” or “holding” oapa- 
bility or power of the axe handle, transmits the ' 
human “ energy” to the axe edge which cleaves 
the wood—as in the work of the cotton factory the 
energy of the steam-engine is transmitted to the point 
at which, eay, the work of “carding” is actually done 
through the agency of the combination of mechanical 
parte to which the name of the “carding engine or 
In this train we have at one end 
the source of the energy, at the other the work wltich 
ia to be done, and between them the intermediary 
by which. the primal energy is laid out in the actual 
doing of the work. And in proportion to the require- 
ments of this work and ita nature, the intermediary 
or machine varies in principle, form, and complication 
of construction. When we talk of a man who is — 
doing his work well, we have seen that we generally 
apply the term “energetic” to him, When we see 
a machine performing its work with ease we do not 
apply this term, but we say that it is “powerful,” oz 
“effective,” or that it is efficient. 


Power in Doing Work as the Result of Energy. 

Energy has been and is often defined as “inter- 
nal or inherent power,’ or “power apparently and 
forcibly exerted.” Bearing in mind what has been 
in preceding paragraphs stated on the subject of force, 
it will be seen that the term “power” is taken as 
synonymous with “force.” This is exemplified in 
many directions; but specially and in close connection 
with our subject we may cite two expressions much in 
use amongst mechanics, Thus, when we say that a 
steam engine “ exerta a force of two hundred horses,” 
or that it is “‘of the power of two hundred horses,” 
we mean precisely the same thing. And we have 
seen that “ foree” per ae, that is, considered by itself 
alone, may exist in a: body, but may practically, so 


far as work is done by it, be said not te existat all - 


till it ia manifested or developed, which deyelopment 


. is known as “energy”; so that the definition of energy 


given above—namely, that it is “inherent or internal 


power”—ia practically correct. The definition of a - é: 


machine as given at the close of the last 
may therefore be so far altered that it will sccord - 


‘with ideas which are almost invariably prevalent ‘ 


amongst working mechanics, In this way it will - 
stand thus; og Sera tpn Aho 
chanical parts for the transmission, the distribution, |” 
a ee “poe fr ang” 
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wei ef the Terms « Power” and « Strength — 
:  Preetieal Bainte counected with then. 
FE ae ern pallpmeran of seeing what con- 


"> eeption ofthe true meaning of a word may be obtained 


‘from .tracing it to its “root” or its “ derivation,” we 


anny here look « little closely at this term “ power, 4 
_', ‘which in the mechanioal world is very much better 
‘known, or at least much more frequently used in 


daily talk, than ite equivalent—* energy.” The word 


"power is derived directly, that ia, with the least 


egree of change in its written or spelt form, from: 
the French pouvoir, meaning “to be able,” This is 


_ derived from the Latin posse, which also means the 
eame thing ; and this, again, has ite root in the Latin 


words potis, which means able or capable, and cass, 
to be. Power, therefore, means ability to do, to act; 
and doing or acting in the mechanical sense of the 


| term is “ work done” or “ duty performed.” When, 


therefore, we say that a steam engine, for example, 
is of two hundred horse power, we mean practically 
and mechanically that it is able to do # work equiva- 
dent to that which the “strength” of two hundred 
horses would suffice to do. A word is here intro- 
duced, which wo have placed in inverted commas, 
that is very frequently used in mechanics; and we 
thus see how it comes, as it were, out of the term 


“power.” We talk of s framework, for example, as 


being of « certain strength—by this meaning that it 


bas the “ power” to resist that something which would 


tend to break it down, disrupt its parte, or, in other 


words, render it useless for the purpose of supporting 
the weight or resisting the preasure for which it was 


| designed. In like manner, when we say that the 


“gtrength of a machine lies in ite weakest part,” 


‘we know that it is meant by this that the weakest 


point will define tho capability of the machine to 


| yeaist influences which would render it useless for 


doing the work for which it was constructed. The 
‘word “strong” iteelf-—" strength ” being, as we have 
just seen, the quality of being strong—is Anglo- 
Saxon in ite origin, its root being the German 


_dtveng or Icelandic strangr, and means’ having the 


‘physical capability or power to act or to redist. Finally, 


.& connection with the meaning of the term “‘ power,” 


we must remind the reader of that which carries 


‘Swrith it great amount of suggestive matter if he 
‘will but think it over—that the term or word “ pos- 


~ 


visible,” wo often in the minds of many, has the same 
“qoot as power, namely, potie; the Latin word posetbilis, 


”\ our word being but slightly changed from this, means 
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other sources of this mysterious “something” which 
displayed iteelf so often in his daily life, outside of 


or exterior to himself. Possibly the first of those 
external sources of force he would discover by analogy | 


or a rough mode of reasoning, but much move 
probably by some painful accident, would be the force 
the muscular power of animals, such as a kick from a 
horse, would exert, But, going still further afield, he 
would soon learn that there were other eources af 
this “something,” by whatever name he would then 
call it. For example, he would soon learn that the 
something we call “ wind,” which would at one time 
scarcely blow the tangled hair from off his brow, 
could at another blow himeelf over, or at another 


blow away the rough hut he had raised to shelter 


himself from the tender mercies of the weather, and 
even to uproot and blow over great trees. So in like 
manner he would find out that water the 
power or capability of giving ont this “ something,” 
or force--as for example if he passed under a water- 
fall heedlessly, or saw the rivulet beside his but a 
one time flowing with such feeble force that it scarcely 
bent the lily stalks or swayed their leaves to and fro, 
and at another with so much vehemence that it swept 
everything before it, even his hut itself, 


Centuries of Patient Observation, Lavestigation, and Werk, 


required before Man could, as now, avail himself of 


the Natural Sources of ‘‘Ruergy” or ‘‘ Power."'—.Water 
Power.—The Water-wheel. 


Bo accustomed are we to see all these agencies set 


to do man's work, that we scarcely give a thought. 


to all the weary work man had to do, all the patient 
often and often disappointed thought he had to expend, 
before he could devise and construct the very simplest 
mechanical contrivances, by which he could set those 
agencies at work to do his lightest labour. Generation 
after generation must have passed away before he 
arrived at this point of mechanical progress ; and it 
may be almost certainly concluded, reasoning from 
what we know of our own sapabilition of doing what 
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whioh man would becocee -nequainted, But it would. . 
not be long before he wonld find out that thereware = 


ss 


is called mechanical work, and judging also from what _ 


we know of the habits and capabilities of peoples who 


are at present uncivilised and but little removed from : 


the state of uttur barbarism, that the purely handicraft 
mechanical operations would be practised for long 
periods in man’s early history, before his experience 
and his growing habit of observation had made him 
capable of arranging materials so that with their aid 


he could do manhanins_ work, The tools of his handi- 


craft work must of necessity have preceded then, as | 


indeed they still precede now, the machines, dimple as — 


they would then be, constructed and put together by 


their help. And of the natural sources of power we - 
have named—thoee of water and of wind—that of water . 
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- would, in all probability, be the first to be availed of 
in doing mechanical work; and we may conjecture, 
with some degree of plausible force, that the concep- 
tion of the simplest form of water-wheel would be 
obtained by man’ bathing or washing in the brook 
which flowed by his hut or cave, doing dreamily what 
we often do still, moving his hand to and fro in 
the water, when he would feel that it exercised a 
something which either opposed the progress of his 
hand when moved against the stream, or which tended 
to drive back his hand when it was left free to move. 
But between the conception that there was a “ force ” 

here which might be useful to him, and its realisation 
in the form even of the simplest water-wheel, we can 
reasonably conclude that many generations, almost 
centuries, would pass away. To make even the sim- 
plest form available, the idea of a wheel itself would 
have to be got hold of, and also the fixing of this upon 
& something which we call a shaft, axle or spindle 
—which itaelf would have to revolve or turn round, 
And the youthful reader may be surprised to learn 
that those two mechanical conceptions lie at the 


foundation of nearly all the varieties of mechanical — 


combinations which, taking the form of machines 
_ doing man’s work, have led up to the infinite variety 
of them we have now. And yet it must have been 
after long long years of patient thought and labour 
that those two conceptions-—a wheel, or a circular diso, 
suspended or fixed to a central shaft— were made 
applicable to mechanical work. If the reader will but 
think it out, he will find that there was no greater 
discovery, leading to such wonderful results, as that 
of a carriage or war-chariot wheel and its axle, which 
waa, in all probability, the first practical form which 
this great discovery took. 

Considerations connected with the Discovery of the Sources of 
Powar or Energy (continwed).—Wind Power.—The Wind- 
mill.—The Steam of Bolling Water.—Boiling, « Science, 

The main feature of the windmill is just that of 
the simplest water-mill—a circular wheel, and an azle 
or shaft; the sails, or vanes as they are called in 
windmill technics, catching, so to say, the air, aa the 
 floate of the water-wheel caught the water. After 
long years of patient and often disappointing and 
disheartening labour, man was able to avail himself of 
the three sources of force, power, or energy—namely, 
animals, water,and wind. But it took centuries upon 
centuries of experience in the observation of natural 
laws, before he conceived of making use of that 
agency which is now almost the only source of obtain- 


ing what we call motive power which is made available © 


in modern practice—namely, steam. And ages must 
have intervened between the observing that the steam 
of boiling water had, or posneased, what we may call » 
lifting power, capable of producing effects similar to 

has we may call the shoving or moving-slong power’ 
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of water on a body opposed to it, Very soon after. 
man had reached the high stage of civilisation when 
he became « “cooking animal,” as man om haa 
been defined to be, and had made the great discovery 
of boiling liquids, he must have beied a one, at least, 
of the characteristics of the vapour, or what we call 
steam. But how long it was before this was applied 
to the obtaining of a power which would do work, let: 
our history show. How long it waa after it had 
passed from the condition of a mere plaything for 
philosophers to amuse themselves and their friends 
with, to that in which it served, as at first and for 
long it only served, as an engine to draw water from 
mines and coal pits, till the genius of Watt made this 
engine truly a steam engine, and yoked it to every 
class of work, all those acquainted with mechanical 
history well know. The young reader, and perhaps 
some older ones, not initiated into the science of what: 
are called “common things,” may perhaps smile at 
our stating boiling to be a great discovery. But we 


shall have occasion, in a future chapter, or in “The 


Steam Engine User,” to point to some considerations 
which will prove this pretty plainly. He will 
further see that boiling, as applied to the arts of 
industry, is really a science, involving many curious 
and most practical considerations; and he may perhaps 
be here surprised to learn that there is no theory of 
boiling which has yet been universally accepted as 
accounting for all the singular phenomena which the 
act of boiling exhibits. Ita close connection with 
the steam engine is obvious, and will be further 
referred to in its appropriate place in a future 
chapter. The reason why gas, or vapour of water, 
which we cal] steam, derived from the boiling of water, 
as a source of power, is so universal, is that it-is, 
wo far as has yet been discovered, the most readily 
and most conveniently carried-out method of availing 
ourselves of heat. This word brings us to the consi- 
deration of one of the most important points connected 
with the laws of nature, How important it is =“ be 
perceived when we make this statement, 
Heat the Source of all Physical Energy, Force, or what 
we call Mechanical Power. 7 
Some of our readers may naturally be somewhat 
surprised at this statement, which is but another mode’ 
of expressing the fact that there is, so far as man and 
the work he has to do are concerned, no other source 
of what we call force, or the power to.do work, phyai- 
cal work, than heat. And this after what has been’. 
said above in preceding, —— subject. of 
the muscular force of man himself, the animals he | 
rears and uses, and wind and water as sources.of fores, " 


, power, or energy. From which it would appear that . 


those natural sourToes ‘are, themselves derived from 
strange aa it may spear to some, this is neverthelans ” 
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‘the absolute truth. We have not space to go into the 
fall details as. to how muscular force, wind and water 
force, are caused or created by heat; those details 
‘coming, in some of their aspecta, under other branches 
of science, as chemistry and physiology. In connection 
with these sciences some suggestive remarks will be 
found in the papers entitled “The Farmer” and “The 
Grasier,” bearing on the great question of heat as a 
vital power, the source of animal energy or force. 
Brief General Statement of the Points connected with Heat, 
as the One Source of Energy, Force, or Mechanical Power. 
But what we give may be stated in very general 
way. Theonly known source of heat is thesun; from 
the agency of that wonderful body, which gives us 
light as well as heat, and of both of which as to 
what they really are, we know nothing—only their 
phenomena and manifestations or power are known, 
which is all that is required for the practical purposes 
of man—the cycle or circle of muscular force ‘of 
man’s or of animals’ creation may thus be stated. 
This force can only be maintained by keeping up 
the supply of food; this food partaken of is through 
the medium of the organa of the body, and by the 
agency of the atmosphere, chiefly through that 


constituent of it known as oxygen, consumed pre- . 


cisely in the same way as fuel, coal or wood, is 
consumed in the furnace of a steam-engine boiler, and 
the product is heat. In our own case this warmth, 
or “vital heat” as it is termed, is the source of the 
“strength” of the body, by which its “energy” is 
maintained, and its “force” (kee preceding para- 
graphs) exerted and utilised. So long as this vital 
, heat is kept up, so long is that mysterious thing 
called animal “life” maintained; with the absence of 
all vital heat, death takes the place of life. And it is 
only during life that muscular force can be exerted ; 
but how this is so simply by the will or the volition of 
man or the animals, we know not, neither of what 
that force really is. The food is thus directly the 
maintaining source of heat and of muscular force, 
and that food is itself derived from or produced by 
the action of the sun exerted through the medium 
of plant and soil. Some youthful reader may here 
remind us that man is not « vegetarian in the sense 
of living upon the product of plants alone—using the 
term plants in ite widest sense as embracing all vege- 
tation or growth in soil—bat that he uses animal 
food as well. But the reply to this is simple: the 
animal man kills, and the fiesh of which he oata, is 
iteelf the product of the vegetables, the grass or hay, 
ov the turnips, which the animal ests,and by which 
it lives, Now, all vegetation is maintained in: exist- 
me, and vegetable or plant life is created, to to my, 
tod maintained, by heat; and the source of that 


heat, in all cases, is the sun. No less is the existence 
of that condition of the atmosphere which we call 
wind dependent upon the heat of the sun, and from 
which we obtain power through the agency of the 
windmill—nor less the existence of water aa a source 
of power through the agency of the water-wheel or 
water-pressure engine and the turbine, 

How the heat of the sun creates, #0 to say, these 
two sources of physical power or foree, the reader 
must learn from other branches of science, with which 
we are not at present concerned; so also for points 
connected with conversion of the heat of the sun into 
muscular force of men and bensta, 

Ruergy, Tores, or Power and Heat, may be considered as 
Convertible Terms.—The Moderna Discovery of Heat Bquie 
valente in Relation to Power.—The Selence of Therme- 
dynamios,— The Application of ite Laws has revolutionised 
the Practice of Machine Working or Motive Power, 

The reader will now perceive the truth of the 
general statement we have made, that all physical 
force or power or energy—that is, the capability to 
do work (see “energy” in a preceding paragraph) is 
derived from haat; and the only source of heat we 
know of is the sun, Heat and force or physical power 
are in one sense synonymous terms, and in practical 
mechanics mean really the same thing, and are true 
convertible terms—-that is, we can say, with positive 
accuracy, that if we haves given amount of heat, it 
represents or will yield a certain and corresponding 
amount of physical force or power; or if we have 
this certain amount of power, it has been obtained 
by the expenditure of a certain and corresponding 
amount of heat. If we strike a spring with a certain 
force of blow, represented by so many pounds, we 
have expended so much of our animal heat as is due 
to the production of that power; and so, if we have 
this known amount of heat at our disposal, we know 
that we have through its expenditure a physical force 
or power which will give the blow on the apring 
indicating so many pounds, This law of the con- 
vertibility of heat and force, or the direct relation 
heat has to what wo call power, is but a discovery of 
comparatively recent date. But it may be said of it 
that it is that. which is revolutionising the practice 
of modern machine working, using this term in ite 
widest sense; as embracing all means or methods by 
which we can do work either as supplementary to or 
doing wholly away with manual labour, The law 
places in the hands of the engineer and the machinist 
a power which he formerly was not possomed of, of 
knowing and accurately estimating what he is doing 
when he is expending and using force, whether he is 
wasting power or utilising it with the highest degree 
of accuracy and economy, 
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Wx: began in last paragraph of the preceding chapter The 
to give the student his first studies in ornament, be- used 
ginning with ples of the “egg anddart "ornament. the | 
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the fines are ‘of purpose badly drawn, of which 387 and 38 show how to draw the “acenthus” leaf 
_ the student should take note, and correct in his moulding, and are used on the same shaped mouldings 
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> gopy. Fig 30 and 96 show bow to draw leaf orns- as the last example (figs. 85 and $6). As this fo a 
_ ment used on mouldings of a different form to the last most important form in ornament, we give in Pistes 
_ sr shape that is called the “ogee” in practice. Figr. Land LI (block), an example of the leaf. 2 ae 
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THE CARPENTER AND HIS TECHNICAL WORK. 


Iva ORIGIN AND EARLY WoRK—THE PRINCIPLES AD 
DEgTAILS OF ITS PRACTICE. 


OHAPTER IV. | 

WE concluded the last chapter by referring to the use 
of a flat stone as a surface for a piece of timber to bear 
or press upon, and stated that independently of the 
value of its extent of surface, the relation which that 
bore to the position of the bearing point of the timber 
prop was an important element in the arrangement. 
For if the prop was pressing on one corner of the 
stone, this capability was lessened, and the nearer 
the end of the prop approached the centre of the 
stone, the better able, so to say, the stone became to 
resist the pressure of the prop. 

In the form which we suppose to have been his first 
attempt to use—namely, an arrangement like the one 
in fig. 22 (p. 149), at ab 0d—we are considering that 
the end d of the prop o d rested or pressed against 
a very hard and stony soil, difficult to penetrate; its 
capability to resist penetration of the prop being 
greater than the pressure put upon it tending to force 
it or make it penetrate the soil, Putting the two 
experiences together, the early carpenter would see 
that if he wished the prop to perform its office he 
would require to give it a resisting surface to press 
against, and that, the softer the soil, the broader that 
surface must be, to enable it to resist the pressure 
put upon it—the mere extent of surface aiding ite 
finding the moat solid “ bed.” 

The early worker would thus receive two lessons 
of importance in the art of constructing timber- 
work: one would bear on the truth that by in- 
creasing the surface of any resisting piece or point, 
pressure would be distributed over a-larger area, s0 
that a material which would not bear a certain 
weight without giving way if that weight was applied 
over s& very small surface, would be found to bear 
even a much greater weight if the pressure which 
that weight exerted was spread over, 0 to put it, a 
larger area. The second lesson he would learn would 
be that much of the value of a good bearing surface 
depended upon the way in which the pressing piece, 
as the prop c d, was connected at ite foot d with 
the resisting member, which we have supposed to 
be a stone; and that it would require to be s0 
made that it would not readily slip away from this. 
He would soon see that in cases of soft soil a flat 
piece of timber with large bearing surface would be 
as valuable as @ resisting point as a stone would 
be; and that the timber would give readier facilities 
for forming the “joint,” ao to call it, at the part 
where the “foot” of the prop c d was connected 
with the bearing surface, Another lesson learned 
would show how pressure put on at one point in the 
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sasemblage or framing of timber was communicated or 
led to another member, and how this would, in some 
way or another, regulate the relation which the mem- 
bers bore to one another. A fourth lesson, and of the 


| four the most valuable, if this could be said where 


all were valuable, would be the use of timber when 

under certain circumstances placed on the “slant” or 

“oblique.” The value of this principle of “diagonal” or 

angular position would soon be perceived practically 

in relation to vertically and horizontally placed timber, 
in which position only the earliest timber werkers 
used their material. 

Further Developments in the Art of Designing and Oon- 
structing Framework in Timber.—The ‘‘Truss” the 
Easential Element in all Sound Framing. 

We do not say that the early worker in timber 
would be aware of the fact that he had-thus learned 
important lessons in his art. Quite possible is it that 
he might simply accept, as a matter of course, the 
facts he could not help seeing, so to say, and would, 
without further thought about them, and made thus 
aware of the value of the practice, continue to adopt it 
in his future work. He or some after-worker, pos- 
sessed of a thoughtful mind, might really appreciate 





c. 
Fig. 28, 
the lessons learned, and in thinking them out might 
deduce a theory of his own, expressing the reason why 
or the cause of the practical result of the arrange- 
ments adopted. Practice, we may rest assured, would 
long precede theory, and nearly all steps in advance. 
Thus, although the arrangement or assemblage of 
timber in fig. 22 (p. 149), at ¢ 7 mm, would be found by 
the early worker to be, as in reality it is, the strongest 
possible combination within the reach of man; it by 
no means follows that he who first hit upon its con- 
ception—or rather we should say discovered its utility 
-——coould or would be able to give a reason why it 
was #0 valuable. We have endeavoured to show, 
indeed, that the arrangement might be accidentally 
discovered or be led up to by a series of natural steps, 
which we might say, with some truth, the early 
worker could not, as it were, avoid making, this being 
done, as it were, intuitively. 
The arrangement or assemblage at ¢j mn, fig. 22, 
is in point of fact what in the art of carpentry is called 
a “truss,” and in it, even in this the rudest or most- 
elementary atage, all the elements of a well-designed 
modern roof (truss) are illustrated. The great prin- 
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iple which the “truss” exemplifies is the designing 
of arrangements of timber composed of horizontal and 
vertical timber only, and which, therefore, are rect- 
angles, either square or such as a bed, in fig. 23, 
eo that the.arrangement of the pieces or members 
give triangles, by the simple addition of an inclined 
piece or “diagonal” member, as ¢. This forms two 
triangles, as ace b,dceb; or four, as the triangles 
J;%,g, and h, by the addition of two diagonals, / and A, 
between the two vertical posts, j/, & m, and the two 
horizontals jk, im. But although assemblages or 
arrangements of timber in which diagonals were 
introduced, cutting up, so to say, the old or original 
rectangular forms into triangles,—thue giving the 
strongest of all forms,-—would be long followed, it is 
_ by no means to be concluded that the “reason why ” 
this triangular arrangement was so strong would be 
understood. We conceive it to be a very probable thing 
that it was only at an advanced stage of educational 
civilisation, so to term it, that some thinkers, taking 
the forms of timber arrangement which practicul 





Fig. 24. 


‘workers had long adopted, deduced the theory of the 
truss, And we may rest pretty well assured that it 
was only by a series of tentative trials or of lucky hits 
that the full value in practice of the principles we 
have endeavoured to explain became known to timber 
workers. 


Vurther Illustrations of the Principle of Diagonal Adjust. 
meat of Members or Pieces of a Timber Framing.— 
Strutting er Bracing of Timbers.—The King-Post Truss. 

We have thus illustrated one or two of the ear- 
liest applications of the diagonal member in framing 

—we zhow one or two more in fig. 24. The piece 

ab, projecting from the face of a rock or bank of 

eexth; or a wall dc, is made capable of resisting 
greater weight or pressure put upon it by adding 
the prop d, as in like manner the piece fg is mr+e 
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capable of resisting pressure by the addition of the 
prop g, and the piece Ai, which we may suppose 
to be a trunk of a tree thrown across o# a bridge, 
an opening, or “void,” between the two cliffs, as 
hj, ik, is strengthened by the two propa J am. 

We have said that the assemblage of timber in 
fig. 22, at ty mn, Ulustrates all the parts of a modern 
roof truas of the class known as a “king post” and 
“roof,” and that this gives the strongest combination 
of timber. The “pressures” are so “ distributed,” 
and are “communicated” or led in such directions, 
that they sre all concentrated, so to my, at the points 
of greatest resistance. Thus in the case of a simple 
or rude form of a roof truss, abc (fig. 25), the prow 
stires are thrown upon the walls, /, /, and consequently 
an assemblago of timber can be designed which can 
be thrown across a “void” or opening, asx 7 of, as in 
the case of an assemblage as at gh ty, which may 
represent a partition stretching across the void & of 
an apartment or space. Truxson may be, and are, as 
we shall see in succeeding illustrations, of various 





Fig. 25. 


forms; but in all of them, by the use of diagonally 
placed timbers, triangles are formed, 


Technical Terms applied to the Individual Members or : 
Pisces of Timber Framings. 


We _ ralled hitherto the piece or member, cd, 
in fig. 22, a prop. This is a popular term for it; 
but it became, and is still distinguished in technical 
carpentry phrase, as a “strut” or “brace.” The tech- 
nical name for the member a b is still, what we have 
as yet called it, a “post.” Used in a certain way, & 
post so placed becomes a column, pillar, or standard. 
The member, as /.¢, in fig. 24, in called a beam, if of 
comparatively large section ; of the largest, it is termed 
a “ girder.” 
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_, (HE FACTORY OR MILL HAND ASB A 
TECHNICAL WORKER. 

Taz ORGANIZATION, GENERAL DvrTixzs, AND SPECIAL 
Work oF THE STAFF OF FACTORIES FOR THE PRODUC- 
TION OF SPUN AND WovEN Goops—THAT Is, “Yarn” 
AND “CLOTH ""—AND THOSE CHIEFLY IN COTTON AND 


WooLl—GENERAL DESORIPTION OF THE VARIOUS PEO. 


OESSES OF MANUFACTURE, 


TE 


CHAPTER IV. 
The Vertical Cotton Opener (continued). 
From the statement given at end of the preceding 
chapter the reader will at once see how the tender fibre 
of the cotton is subjected to. breakages of the staple. 
This damage to the cotton fibres ought to be avoided 
in every preparation through which the cotton has 
to pass. This vertically-working machine has a beater, 
but no feed-rollers, nor any other similar arrangement 
whereby the cotton is so held to be beaten, and pro- 
bably broken. It receives its cotton, not by rollers, 
but by the suction or the draught of the beater itself. 
This beater or shaker is of a conical form—-that is, 
the arms of varying length form in their outline an 
inverted cone. The small end—that is, the shortest 
series of arms—is near the bottom end of the shaft, 
and nearer to the tube through which the cotton is 
fed by hand. The cotton thus drawn into the smaller 
end of the cone, the lumps or tufts of fibreare broken 
up more gently by its amaller diameter. The reader 
whould bear in mind that the cotton is drawn into the 
cone by the draught which is caused by its revolution, 
it making something like a thousand revolutions per 
minute. And in addition tothe draught formed by the 
cone, a fan is so arranged as to draw awhy and pass 
‘to the open air the dust which is created by the 
opening of the cotton ; it also creates a draught, which 
helps to draw the cotton from the tube from which 
it is fed. The ootton thus comes in contact with 
the beater, as we have before noticed, free from any 
arrangement whereby the cotton is held until it 
is beaten, or, in other words, “torn asunder.” The 
beater is surrounded by what is termed a grate or 
grating, through which the dust or seeds or shell, 
or any other useless matter, is drawn away into a 
room called a “‘dust:chamber.” This conicel beater 
performs its work automatically ; i.¢., all the heavy, 
lumpy cotton remains at the lower part of the cane 
until] it is opened and freed from that part of super- 


fluous matter which all cotton contains, and as it | 


(the cotton) is more opened it becomes lighter, and 
thereby rises up to the larger part of the cone, and 
this being larger in diameter, the cotton, in ite loose 
and light condition, has more room to be dashed about 
and to be further opened and cleaned. When the 
cotton is so cleaned and lightened, it is then ready to 
pass away. The outlet being at the top or broad 
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part of the cone, the cotton passes out on to asi endless 
apron, and is thas conveyed to where it sis required 
for the next machine (scutcher or lap machine). 

Some Practical Considerations connected with the Process 

of Cotten Opening. : 

The reader may have observed that this machine acts 
upon the cotton as though there was a power of thought 
about it—4.s., by keeping or retaining the matted or 
lumpy, heavy cotton at the lower part éf the cone, 
until it is partly opened. The cotton while in this 
lumpy condition requires to be treated less furiously, 
and #o it is leas harassed until it gets partly opened; 
the lighter it becomes the more readily does it rise. 
The machine does not think, but the arrangement’ 
of it-is such that the natural consequence of the 
material being close and heavy, its inclination is, like 
all other heavy bodies, to fall, and the smaller part of 
the cone treats the cotton more gently, and thus 
prepares it for further treatment, which according to 
its condition it requires, and which, of course, it 
receives. It must be evident to all readers, whether 
practical cotton spinners or mere theorists, that to 
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destroy the fibre of the cotton, in whatever process it 
may be passing through, is detrimental to it in the 
finished condition, and thereby it is of the utmost 
tmportance to guard against this taking place. This 
breaking or shortening of the staple tends to making 
more waste, and thus not only interferes with quality 
of goods, but, in the second place, it increases the cost. 
of the finished article. This waste is rarely ever de- 
tected until the yearly account is made up—nay, very 
seldom then is it discovered except by comparison 
with some well-known and economically managed 
mill, Some declare that a certain percentage of 
“waste” is all that should be made in working 
American or Egyptian or Indian cotton. We main- 


deem it to be such) is py 
bécause, if the staple is broken in the first or second 
machine, the broken staple -is not left as waste in. 
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that room, but is eoatnealls losing the “shorts” 
through every process which it has to undergo, 
and hence the difficulty in ascertaining the precise 
machine where it is created. This being, the case, 
the manager requires to be on the alert, and not 
be simply satisfied with the machine because it is 
from a machinist of high standing. We think it a 

duty of the principal or manager of the works to 
carefully think over the way by which the cotton is 


manipulated, and to see, as far as circumstances will. 


permit, that the cotton is not harshly treated, tc. 
more severely than the staple is prepared to bear 
without breaking; and therefore, to avoid this, the 
general examination of the principle will, with a 
thoughtful man, lead him to a decision as to the 
best thing to be done, and what he should avoid. 
Before passing on to the next process in cotton 
preparation, we give here a diagram which will illus- 
trate the general principle both of the “ willow ” and 


872 
of this machine, fig. 8, ia to still further clean and 
open the cotton by means of iron frame-shaped beaters 
which are also enclosed in boxes. 

The Cotton “ Soutcher,"’ Beater,” and ‘‘ Lap" Machine, 

Cotton well opened and well cleaned——-that is, freed 
from impurities, viz., seeds, shells, dead matter, dust, 
and some of the “shorts” of the fibres, which are 
little better than dust—is ready for the next process. 
Being well prepared by the opener, the following 
machine has not the same chance to damage the 
staple. Nevertheless in our experience we have found 
that cotton is often damaged in the machinery of 
what is called in a mill the “blowing room.” The 
blowing room in many of the mills contains both 
the “ opening ” machines we have described and the 
“ acutcher,” or “ lap” machine, now to be described and 
illustrated. The principle upon which the “ soutcher ” 
(tig. 2) operates, and its general construction, will be 
shown in this diagram, in which two beaters, a and 
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of the “ poreupine ” opener, This special form of 
cotton opener is much used in America, and called a 
“whipper.” This is shown in action and construction 
by fig. 1. It consists of two iron axles, a, a’, which 
are enclosed in wooden boxes, These axles are placed 
in a horizontal position on a frame, and parullel to 
one another, and have projecting from their circum- 
ferences six rows of iron spikes. From the inside of 
the boxes similar spikes spring, and are placed in such 
& position that between each two spikes of one axle a 
spike from the box or from another axle passes. The 
cotton is put in at the opening d, is quickly turned 
round and separated by the spike immediately ander- 
neath, and is thrown out by the spikes of the second 
‘axle, at ¢«. The axle a makes about: 1300, and the 
axle a about 1500, revolutions per minute, and 124 
to 150 kilogr. of cotton can pass through the machine in 
‘an hour. To drive the machine, about j-horve power 
is required. From the “whipper” the cotton is taken 
to the scutching machine, beater, or blower. The object 


b, enclosed in casings, act upon the cotton, which 
is conveyed by the endleas apron ¢, and by the feeding. 
rollers at ¢. The first beater, a, throws the cotton 
on to the endless apron d, upon: which it is «lightly 
compressed by the wire or open drum g, and then 
taken by the second pair of feeding rollers, /, to the 
second beater, 6. The cotton then either falls on 
to s perforated wooden tray, or else'on to another 
endless apron connected with a wire drum or cage, 
from either of which it is wrapped up in the 
form of a “lap” or continuous roll of what is 
popularly known as wadding. The ventilator 4, 
with four vanes or arms, (which is situated above 
the drum g,) removes dust and sand; and a fan A 
connected with the second beater, 6, by drawing in 
a current of air at the opening & k, keeps the 
cotton in the stage or apron J, in motion. The 
first beater, a, makes 1000 to 1600 revolutions per 
minute consequently ite two arms give 2000 to 
3200 blow’ « 
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THE JOINER. 
Tan GENERAL PRINCIPLES AND THE DETAII€ OF HIS WORK. 





CHAPTER V 


THE JOINER. | a a 
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principle, and which are by the form of joint employed - 
secured from being separated by lateral strains. itn. 
fig. 40 the faces of each “ mitre,” as of piece a’ a’ and 
piece 6 6, has a part or “slot” or “ chase ” cut ont, as 


shown at c’c’. When the pieces are placed together, as 
The ‘ Mitre” Joint (Continued), at aa, 6 b, these form an opening, as ¢; into which o 
Tx end of the piece a 8, fig. 37 in last paragraph 
in preceding chapter, to be joined, is cut with a 
mitre-—that is, the face, as e /, is at an angle of 45° 
with the line of the length of the piece. A modi- | 
fication of this, but more complete, is shown in fig. 
$8, in which a double shoulder is given—asa shoulder 


ea 


ig 
Y/N) 





Fig. 40. 


“key” piece, or “dowel,” exactly equal in length to 
the thickness of a a, b b, is driven in tight up, thus 
holding the two together. An inside view looking 





Fig. 88, 


being cut, as at c, in piece a a, shown separately, a 
corresponding part being cut out in piece 0 J, as at 
d; b' c is end view of 6 6, Another modification is 
shown in tig. 39, which is a combination of the square 


eit 





Fig. 41. 


edgeways of the piece 4 is shown at de fg, being 
the face of the “mitre,” c’ being the part cut out, 
In fig..41 the vertical piece a is joined to the hori- 
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Fig. 89. 


and the mitre joint, the part from 6 to ¢ only being 
“ mitred,” a square-faced shoulder or return joint 


being formed at ¢ d «. The lower drawing in the i . 
diagram gives the appearance of the end of part dd > 
when viewed singly, b’ c' d’ e' the end of part a a. 
@’ and d” is edge view of end of part a a, or b' o’ d’ e’, 

Further Dustration of Joints on the Mitre Principle.— Fig. 42. 


Pieces at Right Angles. . 


In figs. 40, 41, and 42 we illustrate joints at corners zontal piece a joint, of which b fc projects 
of pieces joining at right angles on the “mitre” and the part cat ont at ¢’ ¢’‘d’, as shown in tlw 
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diagram to the left ; the horizontal piece having cor- 
responding indantations, as 6’ ¢", and projection ¢” d’’, 
Fig. 42 is a more simple form of the same kind of 
joint,. corresponding letters accented showing corre- 
sponding parte. 

Other Forms of Joints for Pieoes cut at Right Angles to 

each other.— Oblique Joints. 

In figs. 43 and 44 we show forms of joints where 
the pieces are not at right angles to each other, 
but form an angular part or corner, as at 6. The 
ends 6 6 (fig. 43) of the two pieces a a and ce are cut 





or squared off at the desired angle, transverse grooves 
being cut in the faces and centres of the joints, into 
which a dowel or feather dd is driven, being squared 
off at the ends in order to be flush with both faces or 
surfaces of the pieces @ wand c; the diagram to the 
right shows clevation of fnee of one of the pieces, 





Fig. 44. 


as aa. Fig. 44 is another joint of the kind on the 
same principle as in figs. 43, 41 and 42. 


Forms of Mitre Joints Tongued and Grooved, 
In figs. 45 and 46 we illustrate a form of “ mitre” 
joint with mortixe and tenon, or tongue and groove, 
frequently used in joining pieces at right angles to 
each other. The ends of the two pieces are first 
“ mitred” or cut off at an angle of 45° to their length, 
as at ab,ei. But the one piece, as ¢/,is not cut 
fiush or across the full face, but a part, as g A ¢, is left 
in the centre of the thickness of face, forming a ténon 
or tongue. A mortise or groove, as gh, fig. 45, is cut 


in the mitred face a 5 of other piece, to receive the ° 


$78 


tenon g A é, and in position, as at b ed, corresponding. 
a’ dgh is end view of partjAdf In fig. 46 the 
face a 6 of the end piece aa is “mitred”; and the 


a rE 





Fi. 48, 


face od of the piece ¢ mitred also, but the tenon or 
tongue fin thix caso extends tho full length of the 
face of ¢, not cut short, as at y 4 in tig. 45; a! b' isthe 





Fig. 46. 


elevation of the face a b, with mortise g cutting in 
c’ d’ is plan of lower edge of piece 4, g’ being the tenon 
or tongue, The positions might be reversed, the tenon 
being cut on piece a a, as athjt, The lower diagram 
to the left shows the face of a a as provided with three 
mortises ; tenons are cut on the end of the other piece. 
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CHAPTER IV. 


a The Real Difficulty in the Way of carrying ont an Extended 
System of Technical Education. 


“Muanwurtz we may state here generally that’ these 


causes will be found to be almost wholly personal. 
The difficulty which nationally we have to face in 
solving the technical education problem is not, we 
venture to say, the establishment of the machinery of 
education, We nationally are wealthy and willing 
enough to give the means for this, and more would 
have been given before now—much as is now given— 
_ bad there not been at least a latent if not expressed 
notion in the minds of many that all the machinery 
in the world will not do its work unless the machines 
are fitted for the material and the material for the 
machines, That in our systems of technical education 
—such as they have been--we have not paid due 
attention to the “material,” not a few thinking 
‘men amongst us have unmistakably concluded. The 
students, who constitute of course the material here 
named, have, like all other materials upon which 
machinery has to operate to bring about a certain result 
—to do, in fact, its “work "—have the peculiarities 
of, social position, which are somewhat difficult to deal 
with, inasmuch as they involve the question of time 
for and of physical ability to study; the students we 
_ wish to become educated technically have also their 
peculiarities of individuality or personality, which are 
atill more difficult to deal with. But all of these 
must be dealt with if we really purpose nationally to 
solve the problem of technical education. And we 
venture to say and hope in the course of the present 
cliapter—as also in some parts of the series entitled 
“The Technical Student as a Workman—his Daily 
Work—his Privileges—his Duties, Responsibilities, 
and Rewards "—to be able to prove that hitherto we 
have not yet nationally even taken into considera- 
' tion those peculiarities; far less formed any adequate 
notion of how potent their power is for evil or for 
good, just in proportion as they are neglected or 
abused, or, on the other hand, taken note and availed 
of. If nationally we had done this there is in the 
minds of many practical thinkers no doubt but that 
we should have made greater progress in solving 
. the difficult problem of national technical education 
than we have as yet made. Had we paid attention 


to those peculiarities we take leave to think that it 


would not have proved so difficult of solution. 


Further Considerations connected with the Impertant Point 
pamed in Last Paragraph. 

Expressions or illustrations which are mid to be 

familiat are by some considered as undignified, if not * 


degrading, when introduced into what they are pleased 


‘to term dignified subjects ‘ities Pye dy tea 
no honest work can be otherwise, than than dignified asd 


2 thet familiar expressions are dignified or otherwise. 
. according as the motive is for using them, or that to - 


which they are applied, the writer does not. think — 
it beneath the dignity of his duty, at: once to’ this. 

important subject and to his readers, to use’what 
are called familiar illustrations, when they can, help | 

forward the interests of those readers who take up 
the study of the subject. In connection, then, with 
what we have said in last paragraph on the subject — 


. of the machinery of technical education, we here use, 


as conveying in reality a vast deal of practically sug- 
gestive truth, the familiar expression or saying that. 
“we may take a horse to the water, but we cannot 
make him drink ”—-nay, to put it conversely, if by 
circumstances, no matter what, we cannot take the 
horse to the water, we may even go to the trouble 
of taking the water to the horse, And yet we 
may find the same difficulty to deal with, and 
we may not be able to make him drink. Fur- 
ther, if after we have somehow given him the 
supply we muzzle the horse, should we he wise or 
foolish if we then expected him to drink? Or some 


‘physical circumstance might, so to say, muzzle the 
‘ horse, so that even if he would he could not drink, 


being in any case muzzled. If we did not muzzle 
him ourselves, but nature or accident had done it 
for us, we, if we were wise, and the horse at all 
valuable, should call in the aid of the veterinary 
surgeon in order to enable him to use his natural 
or physical peculiarities, or unmuzzle him. To use 
another familiar saying, ‘The force or truth of the 
proverb or story lies in its application.” .We leave 
our readers to make the application of the familiar 
expression we have above used, and if they take them 
in connection with preceding paragraphs they should | 
make it easily and regdily. Its various practical appli- ° 
cations will come up in due time and course, as we give 
what it isto be said in the how to study and the what 
to study of the workman as atechnical student. And 
we reasonably hope to be able to prove the truth of 
the position we have assumed, and that deduced. from | 
the definition we have arrived at of the term technical | 
education. This position may here again be briefly for- 
mulated: that of the influences which naturally exist 
and which can be brought to besr upon the work of | 
technical education, aff must be availed of before . 
that work can be said in the true sense of the term 
to be done. And we shall find, as we proceed, that 7 
some of those have not as yet, at all events, been | 


taken generally into account as factors—~certainly not *’ 


es important onen—in the solution of the important: 
problem, now tnore than ever engagitig the attention . 
of the nation, how best to give :to our technical work “ 


‘men the advantages of technical education. To this. 
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| Wecking Mea Mandieraftemen in Relation (0 Techadeal 
Education. 
‘Taking all the classes engaged ‘throughout the 


sountry in the varied branches of industrial work, 


and viewing them as a class, there is one term 
which may appropriately enough be applied to its 
members, and this is that they are all handicrafts- 
men. We shall see presently that there is nothing 
derogatory to the true dignity of workmen in thus 
applying to them this term. All honest work is 
dignified in and by itself, when done honestly— 
that is, conscientiously—and work is all the more 
dignified the more that mind is thrown into it, 
This we now come to consider. 


Handicraftemen the Old Name for Artificers or Working Mn 
—What the Term Involves, 

In using the term handicraftsmen we mean that 
the chief characteristic of their work is that it is done 
by the agency of the hands. Now, this distinction, 
which is certainly clearly marked, has a very decided 
tendency to create the idea that their work derives 


ite value solely from their manual skill and dexterity, . 


This would be quite true if the term handicraft were 
absolutely correct. But it is not so. It may indeed 
be taken to be a truth, that there is scarcely one of 


_ the many kinds of hand-work but what presupposes, 


indeed, demands, the previous exercise of mental 
thought. When the necessity for doing a certain 
kind of work arose, the first man who attempted it 
must have given some thought as to how it could 
be done. How best to do it would be a work c# 


time in the great majority of cases, for as practice 


enlarged, methods of overcoming its difficulties would 
suggest themselves, and by first trying one way and 


~ then another, the best way of doing the work would 


2 


be discovered. But if would only be by practice more 


or leas long continued that this, the best way of doing 
the work, could be done deftly, in the quickest and 
most certain way. And although, whan once dis- 
covered, this method could be handed down from one 
age to another, it by no means follows that 

each succeeding handicraftaman would equal his 
predecessor in the skilful way in which he carried the 


_ method out. That would depend not merely upon 
_ his manual dexterity, his handicraft skill in short, 
‘but upon his mental capability to grasp clearly what 


the work was'which he was called upon to do. Nor 


_ would bis. value ass handiorefteman be independent 
i acrcrliappaes! epcal ang pli ioe 
0b possess—euch as honesty of 
' work conscientiously, and 
‘that he would not do his. work by fits 
. fad as homan edbatieggist ings crripeas agin 


purposes to do his 
and hahite a of pervert, 1 


i 


mis WORKACAN AS A TECHNICAL STUDENT. 


es dack, and oll the weighty considerntions it 
oie renee ourselves, 


manifestations, so also would these attributes vary in 
different men, so that while one would be esteemed 
asa good and faithful workman, 60 would another be 
of that unfortunate class who are known as worthless 
fellows. And so also would varied skill in handling 
the implements of work, and varied eapacity to esti- 
mate the character -of the work ituelf, be met with ; 
and thus, even in the earlier days of the world, the 
classes of the skilled, the indifferent, and the bad 
handicraftsmen would be found to exist. 
Mind a Characteristic of all Good Handicraft Work. 

We thus see that in the closest way mind is agso- 

ciated with what ia but too frequently asserted, and 


. indeed by the vast’ majority supposed actually to be, 
And although | 


mere hand-work or manual labour. 
the work of some handicraftamen may be said to be 


_ 60 purely mechanical, done 80 intuitively and readily, 


that no mind is required in the doing of it, it may 
fairly be questioned whether there is any class of 
work which cannot be better done in every sense of 
the term by giving thoughtfnl care to its execution, 
in other words giving mental power to it. 
said that by experience the best way of doing any 
piece of handicraft work would in time be discovered, 
and that this one way of economically overcoming the 
ditiiculties attendant upon the doing of it could be 
handed down from father to son. But apart from 


We have — 


the fact that this inheritance—so to call it—would in | 


value be influenced, as we have seen, by the difference 
there is in the capabilities of one man as compared 
with those of another, this further consideration has to 
be taken into account. In stating that the best way, 
once discovered, could be perpetuated by descent, we 
have presupposed that there would be only one direo- 
tion in which the “best” lay. But while it is true that 
in some classes of work its peculiarities are euch that 
it admite of a uniformity of performance—the method 
used once can be used always——it is none the less true, 
as not a few of our readers well know, that the peca- 
liarities of work in general vary much—vary almost, 
indeed, with each particular piece of work to be done. 


This arises from changes or varieties in the character — 


or nature of the material which is being operated 
upon, This may at one time be such as to present 
greater difficulties than part of the same substance 
may present at another; hence difficulties which do 
not exist one day may arise on another. Here it is 
obvious that thought will be demanded of the handi- 
crafteman in order to overcome those difficulties as 
they arise; and in the capability to give that thought, 
and in the way in which it is exercised, lies the reason 
why one man is mid to be skilled, another the reverse, 
as « handicrafteman. Hence the erroneous idea, 
which is all but universally accepted by a wide class 
of workmen, that no head-work is required in the 
doing of handicraft work. 
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OUTLINES OF THE PRINCIPLES AND PRACTICE OF His ART. 


OHAPTER IV. 
Ir the reader will turn to the last paragraph of 
preceding chapter, he will see what we have said in 
treating of the centre of buoyancy as to the pressure 
upwards of the water in a floating body. But 
this pressure of the volume of water, as kl m n, 
or as b fg c,in diagram fig. 3 (p. 318), is also opposite 
to the pressure or force exercised by the tendency 
of the floating body to sink. That is, both pressures 
acting in opposite directions lie in the same line, and 
being equal, balance each other, or are in eguihbrio ; 
and the body, as at a orc in diagram fig. 4, is at rest 
or in equilibrium, and therefore floats. But although 
bodies such as those shown may thus, under normal 
conditions or circumstances, remain in the upright 
al may thus in a certain sense be said to 
‘be stable ; their true stability resté in this—that their 


0" ifljubing' power, so to call it, should be such thet when 
He 5 Rij af een my 
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body, as at a or ¢, fig. 4, in the normal position, when 
it, so to say, site vertically in the water or “swims fair,” 
is always secured, because the line drawn from its 
centre of gravity vertically, as « g or ¢@, falls within 
the base or the plane of support, And this, which 
we may call the vertical or normal stability, is in no 
way disturbed by any force acting vertically, as in the 
line from a to g, a8 when the vessel by having more 
cargo or weight put “on board” sinks deeper in the 
water; or when conversely the force acts upwards in 
the vertical line, as from g to a, when the vessel, being 
lightened by having its cargo or weight taken out, 
rises in the water, For in the case of sinking or 
deeper dipping,” through increased weight or cargo, 
the volume of water displaced is increased also, so 
that as the bulk of the vessel is a constant or un- 
varying quantity, there is an increase of holding or 
forcing-up pressure exercised on the vessel by the 
water which gives a tendency to the vessel to rise, 
and thus the vertical or normal stability is maintained, 
And again, in:the case of the vessel rising when 
lightened of cargo or weight, there is a sk nama 





Fig. 5. 


in the direction of the arrow a, diagram fig, 5, tends 
to make the vessel ‘‘ heel over,” or lean to the right, 

as shown in dotted lines, will, when that pressure or 
force is either taken off or lessened, enable the vessel 
to return to the normal position, or that in which its 
deck, 6 o, is parallel to the plane of flotation or level of 
surface of water, d ¢. This capability of a vessel to 
return to its normal position, or,-as it is technically 
termed, to “right itself,” gives it its true stability. 
On the contrary, a ‘vessel is said to be unstable, or is 
incapable of “ righting itself,” if when a force as repre- 
sented by the arrow /—or equally as at a—acts on one 
side, tending to push it, say towards the right, and gives 
it a tendency to deviate further and still further from 
the normal position, till it is completely upset. It is 
scarcely necessary to say to the young student that a 
ship to be safe, that is, useful for carrying purposes, 
must be “stable,” that is, havea capability of “ right- 
ing iteelf” when placed under the influence of the 
forces of winds and waves tending to shove it aside, 
and must not “heel over” too mach, and thus be upset 
or “founder” at sea, The mere stability of a floating 


of @ less volume and weight of water; so that there is 
an excess of downward pressure tending to bring the 
vessel down, and thus still maintain the vertical 
or normal stability. But the condition of floating 
which gives to the vessel the capability of resisting 
forces which make her “heel over,” and keep her 
heeling over till'she may be absolutely upset, is what 
we call the “true stability.” And this is secured by 
having a due relation of the floating vessel to the 
volume of water which she displaces. The two 
preasures or forces of those we have shown to be equal 
and opposite, and to be therefore on the same line— 
and this line is vertical, having for one of its pointe 
the centre of gravity of the floating body, as g in 
fig. 5, and the other the centre of gravity, as A, 
of the volume or body of water displaced by the vegel, 
and which is obviously the form ¢ j %, equal to J An. 
This is the condition of what we have called the 
normal or vertical stability, and which two forces are 
equal, but acting in exactly opposite directions, and 
therefore balancing or neutralising each other, act along 
the same line.. This ling, as o pin fig. 5, is technically 
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called the “line of flotation,” the plane of flotation 

being, as already shown, the line or level of water, as 

ded é¢. 

Relation of Centre of Buoyancy to Centre of Gravity affecting 
the Stability of Floating Vessels, —‘‘ Even Kool,” —‘ Heeling- 
over, +) 

But the young reader will perceive that a vessel 
or ship, under ordinary circumstances of voyaging, is 
placed under such conditions that, excepting in cases 
of a dead calm, or when so acted upon by wind that she 
sails on what is called an “even keel”—in which case 
she is in the position which we have called her normal 
or vertical stability—she is liable to be acted upon 
laterally, so that she “heels over,” or has her deck 
line oblique to the plane of flotation, as for example 
atg rin diagram fig. 5. The “centre of gravity” is 
therefore continually, or liable to be continually, 
changing under the pressure or force of winds and 
wayes; it may be to the left, as at s, when the 
pressure comes from the right, or conversely, by a 
_ pormal line, as the line o p, which passes through the 

two centres when the vessel is in its position of 


normal stability. But the position of thé centre of 
‘buoyancy is also changing when the vessel is placed 
. under the changing circumstances’ of actual work, 


when subjected to the pressure of winds and the force 
of waves, For, as the vessel heels over either to the 
right or left, as at a 6 orcd in diagram fig. 6, it is 
obvious that the form or the section of displaced 
water, as at ¢ fg, or 4 ¢j, in relation to the plane of 
flotation or level surface of water & k, is very different 
from the form or shape or section of the displaced 
water, as at ¢j k, diagram fig, 5, in relation to the 
line k k, fig. 6, or the line d e, fig.5. We shall see, in 
connection with illustrations yet to follow, how this 
change of position of the two centres affects the 
stability of a ship. Taking the position as at q 7, 
fig, 5, and dropping @ line w x through the centre of 
gravity, in which line gravitation acts on the vessel, 
wo have now two lines of forces. But although, as 
always, those forces act in opposite directions, and are 
still equal, they do not act directly or along the same 
line, but form two lines, ¢ wu, t 2 (fig. 5), parallel one to 
the other. These lines form what in scientific technical 
phraseology is called a “couple.” And the resultant 
of this couple, or of the two forces acting thus in 
parallel lines, is a force which tends to change the 
floating vessel, giving it an angular position—that is, 
with ite deck line at gr forming an oblique line with 
that of the plane of flotation, asd eord’¢’, If the 
ship or vessel is so designed that, when looded with 
her estimated cargo, she has “true stability” (see 
preceding paragraph) —that is, can right herself when 
a ggg a gr cr 
“couple” is termed a “righting couple.” If the con- 
' yeree is the case, then the “couple” of forces acting 


iy 


in parallel lines, as at ¢ u, w o (fig. 5), is called an 

“upsetting” or “ overturning couple.” 

Other Terms in the Art explained.—Centre of Displacement, 
—A Vessel righting itself—Loading of a Vessel,—Deck 
Cargoes. 

We have seen that the “centre of buoyancy” of o 
floating vessel is the centre of gravity, as A or g, 
diagram fig. 5, of the mass or volumo of water—as 
Um n, tj k—~displaced by the vessel ; hence the term 
“centre of displacement” is by somo given to it, 
Now, a “righting couple,” or that which gives true 
stability to a floating ship or vessel, is that in which 
its centre of gravity, as /, dingram fig. 6, is always 
below the centre of gravity, m, of the mass of dis- 
placed water. If in thix relative position, when 
the two forces constituting the couple cause a 
“heeling over” of the ship to the left, as at o d, 
or to the right, as at a 6, it will “right itaelf” on the 
forces lessening or being removed. If the relative 
position of the two centres of gravity be changed so 
that the contre of gravity n he above the centre of. 


gravity o of she ncn sete, Gan Whe secale, oie 
formed, as at p g, will act as afi * overtarning 


and the veasél will not be self-righting.. Ming, The young. 


student will see from this the et eae bs : 


so “loading” a vessel, or “ stowing” away its cargo, - 
that the heavy articles will be placed in the lower 
part of the “hold,” thus throwing its “centre of 
gravity ” low, so that it will be below the “centre of 
buoyancy ” or “ displacement.” He will also see the 
danger, of which so much has been heard of late 
years, of having what is called “deck cargoes "—that 
is, goods stowed away upon the deck, which have a 
tendency to raise the centre of gravity of the ship, 
and may place it too near, if not actually at, or—what 
is fatal, as we have seen, to true stability—above the 
centre of buoyancy or displacement. When the two 
centres are coincident, or the centre of gravity 
meets in the same point as the centre of buoyancy, 
the vessel is indifferent as to position, and will 
therefore be in equilibrium in any position, Another 
practical point of importance, as bearing upon the 
true stability of a ship, or ita capability to right iteelf 
in all conditions in which it may be placed, is the 
stowage of the cargo in such a way that none of it 
will get loose and roll to one side. In this unfortu- 
nate condition, but too often experienced--and which 
has doubtless heen the cause of ships’ foundering at sea 
of which nothing has ever been heard——if thoxe loose 
goods, when heavy, roll over to the side to which the 
ship is being heeled over, they may so weigh the ship 
down towards that side, changing the pouition of the 
centre of gravity, that the vessel cannot right iteelf 
at all, or eo slowly that heavy seas may be shipped, 
and it may become unmanageable for a time, and 
great damage done, and risk of total loss may be run. - 
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Fig. 6. 


with those changes, and which have partly been 
already explained, will be more completely examined 
at a future part of our paper, when other eee 
connected directly with or bearing upon them, will 

fall to be considered. 

We have elsewhere in this Journal pointed out 
to the young reader the importance of considering 
all the conditions or circumstances connected with 
mechanical work, as these may bring up pointe 
which must be attended to, modifying more or less 
_ the application of « principle which in iteelf is sound, 
and which dictates sound work as a general rule. 
‘The value of this‘cantion is exemplified in the case 
pow under consideration, of the stability of ships and 


_ veasels. Heventially necessary for the due working 


‘ rolling.” ‘Now, as rolling in one direction throws, 
go to pay, 8 certain number of straining forces upon 
the materials, wood or iron, of which the vessel is 
constructed, any quick return from this direction, 
throwing the straining forces in another direction, 
gives rise to what may in one sense be called a new 
series of straining forces, which are very dangerous’ 
or damaging to the structure. Easy rolling is there- 
fore a point to be aimed at; and from what we bave 
ee 
certain proportion of the stability of the ship. The. 
giving way 0) the waves, or rather the way in which, 
a ship's motion ‘coincides with the motion ‘of the 
waves, is under certain conditions « point to he aimed. 
at in designing » ship; and this ja always s character 
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istic of a stable ship. Bat in rolling, if the ship 


i 


the waves follow her or press upon het aide, Now, 
from what we have said, this can only be gained 
by sacrificing e portion of her stability, although 
the way in which the cargo is stowed away and the 
general weight of the ship iteelf is distributed over 
its whole structure affects alao this slower rolling, 
or the time or speed of its rolling. The surface of 
the water, or the plane of flotation, is not alwnys level 
_—indeed, out at sea and in anything like rough or 
heavy weather, this plane, so far from being level 
or horizontal, as at d ¢ in fig. 5 (ante), is, as a rule, 
more or leas inclined, giving a sloping surface as at 
abored in fig. 6. The tendency of a ship to keep 
upright in water, which may have its surface either 
horizontal or level, as at d e, fig. 5, or’ sloping, as at 
line a 6 ore d in fig, 6, has been called its stiffness, 
as contradistinguished from that tendency to keep 
truly upright in rough-surfaced or wave-lashed water 
to which the name of steadiness has been given. 
Points connected with Floating Vessels or Ships other than 
Heeling-over and Rolling Motions.—The ‘Pitching ” 
Motion. 
We haye hitherto been considering the motions of 
a ship in relation to her cross or transverse section, 
This motion, which is from side to side, alternately 
depressing and raising one side along the whole 
length of the ship, as is well known to every one 
who has been at sea, goes by the name of “ rolling,” 
and can be conceived of as a movement of vibration 
or oscillation, on an axis which runs from end to end 
of the ship, at right angles to the line of cross section, 
and placed at some point on the vertical line of that 
section. But there is another motion in vessels in 
rough, or roughish, water at sea, better hecnuse 
more painfully known to those who are afflicted with 
what the French call the mal de mer (literally “ill 
or evil of the sea”), or we “‘sea-sickness,” and to this 
motion the name of “pitching” is applied. In this 
the bow-——and conversely the stern—of the ship is 
alternately raised and depressed; the motion being a 
longitudina] vibration or oscillation on an axis at sume 
‘point midway between the bow and the stern. This 
motion of pitching is generally considered and de- 
gertbed as a single motion; but in the technics of 
ship building it is described as of two kinds of oscilla- 
tion—the term “ pitching“ when used in a general 
VOL, 1. 
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way including the two, or being a complete or 
doubled oscillation, This is correctly based on the. 
phenomena of pitching, which embraee first a de- 
pression or lowering of the bow of the ship and a 
oscillation the term “ pitching” is alone iiigiled 


of the ship that ube will float “on ah even keel,” or 
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otherwise have har load wo disposed in relation to ber 


length, that the stern may be more depressed or float 
deeper in the water than the bow; in this case she 
is technically said to be “trimmed by the stern.” In 
the converse case she is dencribed as being “ trimmed 
by the head.” As a rule the “trimming by the 


_ stern” is that which in the practice of lading o ship 


is adopted. In connection with tho points noted in 
this and the preceding paragraphs, there are other 
definitions to be given, such as of “metacentre,” and 
sundry practical circumstances connected with the 
trimming of ships to be described ; but all theae will 
come up for consideration in due course, and in their 
appropriate places and paragraphs. Mcanwhile we 
proceed, as forming part of the general introduction 
to the specin! pointa of the actual work of construction 
of the boat and ship builder, to give remarks on points 
of great interest, such as the mode in which vessels 


are steered or guided so as to take certain courses 


dexired; and by which ships are propelled through 
the water by the use of saila, In connection with 
these there are many points, of interest as well to the 
general mechanic as to the boat or the ship builder. 
And the first to which we shall direct our attention is 


Certain Points to be considered in relation to the Propnision 
of Boats by Oars, of Vessels by Wind acting on Sails, by 
Paddles and Screws, and to the Gteering or Guiding of 
Floating Vessels by the Helm. 

Ax closely bearing upon the important points con- 
nected with boats and ships numed here, it will be 
neccnutry for the young reader to take into considern- 
tion certain points connected with foreos aud motion, 
In the paper entitled “The Technical Student's Intro- 
duction to the Principles of ‘Mechauics” he will 
find the different kinds of motion described as pro- 
duced by one force only, and that acting in ‘one 
direction. If there be more forces than one, but all 
uct in the same line of direction, the extent and effect 
of these forces in producing motion will be equal to 
the sum of these forces. If they act in opposite 
directions the two forces will tend to destroy each 
other, and if equal in amount will neutralise 
other, so that the body wil] remain at | 


being produced, 
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CHAPTER II. 


- chapter ‘by remarking that the early: make of iron 


was of the class now known as malleable or wrought. 7 
This there is good reason to believe now and then 


took the form of steel, as it is very probable the 
iron makers of the day occasionally stumbled on 
one of the modern methods of making this more 
valuable product. When we come to describe the 
details of the methods of modern metal making, we 
shali see, indeed, that the early masters could not 
at times prevent the reduced ore assuming the form 
of steel, That the iron produced as a general 
rule was of the first quality of the wrought or 
malleable class is beyond a doubt; it could scarcely, 


indeed, be otherwise, for the workers were compelled 


to use the finest ores for the simple reason that their 
appliances prevented the use of inferior qualities; and 
so slow was the process, such as it was, and so limited 
was the extent to which the reduction or smelting 
was carried out, that little in the way of impurity 
remained in the iron withdrawn from the furnace to 
deteriorate ita quality. But the very limited reduction 
or smelting which the early workers could only secure 
was itself the cause of the scoris or cinders left over 
from the process being rich in metallic products. 
Hence, as we have hinted at, their utilisation was long 
centuries after taken in hand, by which much of the 
contained metal was reclaimed. 
Malleable, Wrought or Hammered Iron the Form in whioh it 
was Early made,—Introduction of Cast or Pig Iron. 
This, the original and long-carried-on method of 
the early iron makers—by which malleable iron was 
produced of a quality such as we now should class as 
wrought iron of the finest class, approaching very near 
in quality to what we now designate as “mild” or 
“ingot” steel, the product of the new processes of 
Bessemer and Siemens, described in the separate paper 
entitled “The Steel Maker "—was carried on in this 
country up to the reign of Elizabeth, That form of 
iron which is popularly and very generally known as 
cast iron—but amongst the trade as ‘“ pig iron,” for a 
reason hereafter stated—was very likely introduced 
early in the reign of that celebrated queen, and 
probably carried on for some time, because we find 
the first recorded statement concerning the art tells 
us of cast iron used as a substitute for bronze in the 
manufacture of guns or ordnance. It is curious and 


suggestive to note in passing that the primary inciting . 


cause of the discovery of new processes, or of the 
application of new machines or appliances, has been 
pne or other of the many réquirements of the art 
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tevelopment of the arts and sciences in the invention: 
and mantfacture of materials of war, in ship, guna, . 
and arms of allkinds. . 

‘The art of cast-iron founding by the end of the 
reign of Elizabeth had reached so far in the way of 
progress that furnaces were in use of such (then) large 


‘dimensions as to be capable of producing from fifteen 


to twenty tons per week. When we state that many ~ 
furnaces now in use are able to produce with ease five 
hundred tons and more per week, the reader will be 
anxious to know the method by which that vast pro- 
duce is created and maintained from week to week so 
long as the furnace is “in blast,” or “in work,” and 
to become acquainted with the improvements which 
have led up to the realisation of sach enormous results, 
All these details will come in due course before us; 
meanwhile it is almost unnecessary to state that those 
improvements were but few and far between in 
the earlier days of the industry, and were practically 
fewer still through the strong opposition which they 
encountered from the trade. For one of the valu- 
able lessons to be learned from a study of improve- 
ments in the arts and sciences is that the first thing 
which an inventor or improver has to do is to over- 
come trade prejudices and business dislikes, and that 
it is frequently much more difficult to overcome 
those than it 1s to conquer the difficulties attendant 
upon the perfecting or introduction of their invention 
or improvement. 

The history of the iron trade affords, perhaps, the 
most striking exemplification of this melancholy fact: 
one which, although not so powerful in its influences 
as in former days, is for the sake of true progress in 
the arts and sciences all too powerful still. So power- 
ful that it affords, perhaps, a cogent reason for . 
cherishing but little hope that the true relationship 
between the members of an established trade and those 
who propose to improve it will soon be recognised 
and acted upon in the spirit which alone can guar- 
antee for us as a people that progress in the arts 
and manufactures which is such a powerful minis- 
trant to individual and national prosperity. 
Coal as a Fae] in the making of Iron.—Lessons te be derived 

from a Brief Glance at the History of its Introdaction, 

We have said in a preceding ps ph that some 
of our readers, not acquainted with the details of the 
iron trade, would express surprise that the difficulties 
in the way of carrying on the manufacture, arising 
from the want of wood, which yielded the charcoal, at 
one time used only as the fuel required in the redpeo- 
tion of the ores of iron, would be overcome, and easily, 
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lak Gia ck comparstively easy as it ia to 
, procure it from the mines, or ‘coal pite (the term 
| “mine” being rarely applied, although coal is mined 
_ precisely as other minerala—eeo the paper descriptive 

of coal pit working), things were not always so. It 


was some time before coal was used, some time: 


longer before it became known that it existed in 
such enormously vast deposits in many districts of 
the kingdom, that it was even till comparatively 
recent times considered, even by scientific men, to 
be inexhaustible. Longer time did it take for us to 
be able to avail ourselves of those vast supplies; and 
had it not been that precisely at the time wanted 
the steam engine came to the aid of the coal-pit 
proprietors, the supply would have totally failod. 
Coal in some places crops out quite to the ordi- 
nary surface of the ground; in others comes up to 
within an easily reached distance from it; but in the 
majority of cases it lies in strata at a considerable 
depth from the surface, In early times, after its 
value as a fuel was known, mechanical means and 
appliances at the command of the coal workers being 
of the simplest, and even in that condition ditlicult 
to be made, coal for some time would he got by 
digging for it from the surface, just as one would dig 
for chalk, lime, or marl; and as the excavations for 
those materials were familiarly known as pits, the term 
was obviously from the earliest times of coal-getting 
applied to the diggings used to come at it, and is 
still much more frequently used, as we have stated, 
than the more dignified name of mine, About the 
end of the thirteenth century coal was obtained in 
comparatively large quantities from the pits at 
Newcastle-on-Tyne—the earliest, at least the first im- 
portant seat of the coal trade—froim which port large 
bulk was exported to what was then called the Low 
Countries, now Belgium and Holland. This export 
was carried on principally to supply the iron workers 
with fuel for the production of iron, wood being 
over # large area of this part of the Continent as 
scarce as it was with us, One would think that this 
fact of ite being so employed would have naturally 
atruck the iron masters of this country as one as valu- 
able for their trade purposes as it was for the makers 
of the Continent. But the reader who supposes that 
this would be the inevitable result of the circum- 
stances then existing has but little knowledge of 
the economical history of our great branches of in- 
dustry. Our iron makers of the period referred to 
not only refused to avail themselves of the help out 
of their difficulty in the matter of a non-supply of 
(wood) charcoal, which coal was thus proved by 
other makers to give them, but they went further— 


4 


no doubt to reconcile thie senecsioi to the. in” 
pidity of théir conduct, and malateined the coal 
could mot be used for iron making'in any way. We © 
have not yet quite learned to be wite as to the 
losses resulting from folly such as this, for it was 
but the other day, speaking comparatively—-for years 
in the life of a great people are but as a day to the 
individual—that our own iron masters adopted an 
improvement in working which for years they had 
Maintained could not possibly act, notwithstanding 
that iron masters of the Continent had used it with 
great economy for years, Examples of this method 
of doing business, if not numerous, at least very 
striking, may probably be given as occasion offers in 
the pages of our work yet to come, We have now 
reached that print in the history of the iron trade 
which, however, affords perhaps as striking an ex- 
emplification of folly of this kind os can be offered 
hy the history of any branch of national industry, 
A most striking example, truly, for the folly or the 
win (and it way both) retarded the prosperous progress 
of the nation, and kept thousands out of profitable 
employment for a long, long period of years; and 
last, if in the opinion of some it bo the lenst, result 
of such a miserable train of unhappy circumstances, 
it utterly ruined a most deserving man, and breaking 
his heart, prematurely killed him. The whole cir- 
cumstances, if recounted, would, as indeed they do, 
form one of the most romantic and touching episodes 
in our national history. 

Notes on the Early History ef Iron Making with Ooal 

as a Yael. 

It may euaily be supposed that with a people so 
naturally enterprising, so curious in prying into the 
secrets of nature, of such an inventive and ingenious 
turn of mind as we have from the earliest times 
been, and are now more so than ever, there 
were those amongst them who were by no means 
satisfied with the rough-and-ready, and assuredly, in 
every sense of the term, rude way in which so many 
decided that for one reason or another, and each and 
all deemed to be true reasons, coal was not ap- 
plicable to any of the purposes of iron making. The 
continued scarcity of wood, and, as may be supposed, 
the gradually increasing supplies of coal, compelled . 
more attention to be paid to the subject, to see 
whether or no coal could, after all, be used by the 
iron makers of this country-—ss, beyond all donbt, 
it was then, and for some time had been, used by the 
iron makers of the Low Countries abroad, a4 witness 
the large supplies of Newenstle coal they would have 
sent them for this very purpose. Tho first recorded 
trial of coal as a fuel for smelting or reduction of 
iron in the trade or branch of cast-iron or pig-iron 
making— which by this time had become an established 
industry —was that made in the year 1612. 


SUPPLEMENTARY SECTION. 


Oownaxwixe PRACTICALLY USEFUL NOTES, — NEWS, AND CORRESPONDENCE, 





TECHNICAL FACTS AND FIGURES IN 
OCCASIONAL NOTES. 


EMBRACING THE VASIOUR DEPARTMENTS OF TECHNICAL 
AND INDUSTRIAL Wo8k, 8U0H AS MECHANICS AND 
MACHINE DESIGN AND CONSTRUCTION — BUILDING 
DESIGN AND ConsTRUCTION--GENERAL MANUFACTURES, 
48 TEXTILE AND METAL—APPLIED OR MANUFAC- 
TURING CHEMISTRY — InDUSTRIAL DECORATION— 
SANITARY ENGINEEBING—GARDENING AND RvugAL 
MATTEeRs— MISCELLANEOUS. 





69. Bessemer Stee] Castings. 
Ws ‘concluded our last “note” (No. 63, p. 389) by 
alluding to the fact that Sir Henry Bessemer had so 
anticipated the coming necessities of his process that 
he had at an early stage of hia career as the inventor 
‘of the converter system, devised and indeed patented 
a method of mechanically agitating the molten steel 
‘before it was turned into the ingot moulds, Those who 
are acquainted with the career of Sir Henry Bessemer 
as a metallurgist know well a very striking feature 
in his character—namely, his mechanical prescience 
(we use the term here with all becoming reverence 
in view of Him who is alone absolutely prescient),.or the 
way in which in bringing out his great invention he 
was able so to foresee or anticipate the mechanical 
necessities of the process at its various stages that, 
as it left his hands at its final working stage, it was 
complete practically in all its departments, So much 
so waa this the case, that although improvements in 
detail have no doybt been effected—as the great im- 
provement in the converter which was due to that 
undoubted metallurgical genius, the late Mr. Holly, 
of America, but too early taken away from the 
service of his own and this country—still the system 
of working the converter steel-making process re- 
mained for a long course of years, and still remains 
virtually, the same as it left his hands, And even 
in this, which may be said to be the latest phase of the 
process—the agitating or mixing the molten stéel as 
it passes from the converter, and before it is “cast” 
into the “ingot” or other forms—Sir Henry Bessemer 
may be said to have in his own mind predicted what 
would happen at a much later date in the history of his 
proceas; and not only to have done so, but anticipated 
the certain realisation of his prophecy by inventing 
and patenting at a very early period of his career as 
a metallurgist a method of mechanically mixing the 
molten steel. For, like all truly great inventors or 
discoverers, and unlike some others who are not great, 
Sir Henry, while maintaining the accuracy of his 
views in the main, and the value, ag a whole, of the 
products of these, was not backward in admitting that 
improvements in certain points could be made, and 
were indeed necessary to be made. And this defect in 


his steel, which has been specially alluded to at an early 
period of this series of notes—and in one sense may 
be said to be the reason why we have taken them in 
hand on behalf of our readers—namely, its lack of, uni- 
formity or homogeneity—has been admitted. In Sir 


‘ Henry’s early patent he described a mechanical agttator 


revolving in the molten metal, under cover of a skin, 
so to say, of molten slag floating on the top. By this 
means the air was excluded, so that any ghanges 
in the condition of the metal would be due to the 
agitating or stirring only, and not to any combinas 
tion brought about or changes induced by the action 
of the atmosphere. It certainly is greatly to be re- 
gretted that this proposition of Sir Henry Bessemer's 
was allowed to die at once after birth, or, as the 
phrase is, was still-born. It may be taken as an 
addition to the very long. list of inventions before their 
time—or rather, it would be more correct to say, it was 
one of those inventions which were really required, 

and which could have been at once utilised, for the 
necessity for its use then existed; but of which it is 
to be snid that they were not used, the necessity to 
use them having not been taken up and. believed in by 
those most interested. And it is difficult to estimate 
the logs which the public has sustained for so many 
years through the existence of this peculiar condition, 
which seems to be the normal one of a certain class 
or classes of it. Certainly in this particular instance 
of Sir Henry Bessemer’s too early introduced or 
patented invention, Mr. Allen is quite justified in 
saying that had it been adopted at an earlier stage in 
the history of the process, “much of that feeling of 
uncertainty in the material, and the general impression 
of the want of uniformity, would never have arisen; 
and many of the fancy tests now imposed (on makers) 
by consumers would not have come into fashion.” 
Now that the method of mechanical mixing, or 
agitating of the molten steel as it is at first turned from 
the converter, has been re-introduced, and in principle 
the same as the earlier contrivance patented by Sir 
Henry Bessemer, we shall see whether that indifference 
to a well pronounced and succesaful mode of working 
will be exerted, or rather—~-for there is not much exer- 
tion in positive apathy—brought to bear upon the 
method, so as to keep it practically inoperative, or 
if not precisely this, at least to a large extent idle. 
Glancing st the history of mventions and processes | 
is not merely the gratification of a natural curiosity. 
Much can always be learned, if only there is a désire. 


to learn the lessons which it teaches, having a very 


close connection with the details of any business. 
practically carried on, and which is thérefore. highly 
waggeative to the mere technical student, who may 
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. be looking forward to the time when he may himself 
be in “business,” to secure success in which he will 
find, as 60 many have found before him, requires 
& greater number of points to be attended to than 
‘many~—unfortunately for themselves—seem inclined 
to consider necessary. To use in this connection 
% curious North of England popular phrase, the full 
suggestive force of which it takes a north country- 
man to understand and thoroughly appreciate, “It 
takes a man to look more than one way for Sunday.” 

The form of mechanical agitator for molten 
Beasemer steel, which has been now introduced so 
successfully into practice, is as simple as it is 
effective in operation. It may he described in « 
few words by the help of the annexed simple type 


a 
a] 
— 
Be 


diagram, Jot the thick line @ 6, to the left, 
represent the wall of the converter shed, This 
carrics a strong iron bracket, stretching out hori- 
zontally over the converter pit, the upper and lower 
parts of which are represented by the lines ¢ and 
d. This bracket carries at ita outer extremity the 
bearings in which a vertical shaft, e¢, works, this being 
made to revolve by bevel gearing. The lower end of 
this shaft ¢ ¢ carries the agitator, represented by /, and 
which takes the form somewhat like a two-bladed 
screw-propeller, in which a slight twist is given to 
each blade, This simple mechanical device is a 
fixture, not only in the sense of being stationary at 
and above one point in the circle of the converter pit, 
but also in the sense that the vertical shaft, ¢ ¢, 
with its stirring blades, f, has no vertical movement 
up and down, as in the direction from / to e or from 
@tof. The agitator, therefore, cannot be lifted up 
and then dropped into the mass of metal to be stirred, 
carried by the ladle filled from the converter. This 
difficulty is got over in a very simple way; for the 


" machinist and engineer is ever fertile in expedienta, 


and if he cannot make the “mountain go to 
Mahomet,” he compels “Mahomet to go the 
mountain.” -The ladles used to hold the molten 
- metal received from the converter are, as those know 
who are conversant with the working of the Bessemer 
_ qteel-making process, made to sweep round or command 
the area of the ingot pit by an hydraulic crane. The 
normal level at which the ladles are carried round is 
lower than the level of the blades, 7, of the mechanical 


_ agitator, as roughly shown by our type illustration. 


The hydraulic ladle, then, brings round « ladleful of 
molten steel to a point in the sweep of the ingot pit 
immediately under the blades of the agitator. The 
attendant stops, by turning one handle, the progress 
of the crane, arresting the ladle motion, so that the 
blades are above the centre of the mass of metal; by 
turning another handle he makes the crane mechaniam 
raise the ladle—with, of course, the neceasary rewult of 
forcing the blades, represented by line / in our type 
diagram, into the masa of the metal, and to the depth 
required. The driving mechaniam is then put in gear, | 
and the shaft ¢ ¢ is made to revolve at the rate of one 
hundred revolutions per minute, When the stirring 
or agitating has been done aufficiontly, the crane 
mechanism is again put in operation; the ladle is 
lowered till it is clear of the agitator, and assumes ite 
normal level of circular sweep, It ix then moved 
round till the dixchargo orifice, with its stop valve 
or plug, is above the orifice of the ingot mould, when 
this is filled with the well-stirred molten metal. The 
enormously high tempernture of the molten steel in 
the ladle would soon dostroy thé iron blades, /, and 
shaft ¢ ¢ which carries them ; but to protect them they 
are covered with & compusition known os gannister or 
with loam. This covering has to be done with the 
greatest care, as any falling off of it from the parts 
which it covers would be fatal to the “life” of the 
apparatus. The cost of the agitating process is so 
trifling that no appreciable amount can be set agninst 
it, so that practically it is debited with nw, And the 
time taken is also-so short that there is no inconveni- 
ence attendant upon the use of the apparatus. Having 
thus so far gone into the process of ‘molten steel - 
mixing, we are prepared in our next to take up 
the lending points connected with the “ castings 
made of this mixed or stirred steel, to be used for 
various constructive purposes, and about the construo- 
tive strength or value of which thore is sych a 
wide diversity of opinion amongst practical men, 
70, Calculating Surfaces and Oontentes of Pisces of Metal or 
Wood, when Fractions are given in the Dimensions, 
The young mechanic has frequent occasion to know 
the superficies or area, or the culsical or solid contents 
of a piece of metal—as a beam, fur example— when 
fractions of feet or inches are given in the dimensions, 
The calculations are easy to be made when the decimals 
of the fractions or parts are known. We give, for the 
benefit of the young mechanic, decimal parts in the 
following tables: A “ being the decimal equivalents of 
parts of a foot in inches and eighths of an inch "and 
B the “ decimal] equivalents of the parts of an inch in 
thirty-seconds from 1 to 31.” The use of these tables 
is simply explained. ‘Io find; for example, the area of 
a given surface in square feet, of which the length is 
10 inches by jths of an inch, find the decimal of 10 m 
Table A == °833, and of {ths = 078; then ‘833 x 078 


884 
=the area, To find the cubical or solid contents of 
a piece of metal measuring 10jths inches in length by 
6,°;nds inches in breadth by $nd parts of an inch in 
thickness—that is, between $ths and $ths of an inch. 
Take the decimal equivalents of the above fractions 
of an inch and multiply them together or into one 
another, and the quotient is the cubical or solid oon- 
tents, Thus {ths decimal equivalent=-°875, f.nds 
= ‘093, ##nds='687; then 10°875, or the length, 
multiplied by 6093, the breadth, and °687, the thick- 
ness, gives the contents. 
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71. The Action of Lime as a Mortar or a Cement. 

A correspondent sends us the following aa an 
expression of his views on the subject. When a 
mixture of lime and sand with water in the proper 
proportions is placed between two stone or brick 
surfaces, after the lapse of time a osmentation takes 
place—that is, the mixture placed between the surfaces 
hardens, and the latter are firmly cemented together, 
and with sach strength that, as your correspondent 
“F.G.8.” remarks, “the solid stone or brick itself will 
often yield to strain sooner than the hardened mortar.” 
Now, I have always understood or taken for granted 
_ ==~becangse I don’t remember ever having read of such 
an explanation—that the action that takes place is 
as follows: The silica contained in the aand unites 
slowly with the lime, forming one of those extremely 
hard insoluble compounds well known to good 


chemista, called silicate of caletwn, until in course of 
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time the whole of the mortar 1s converted from 
@ mere mechanical mixture of lime, water, and 
sand into a solid mass of calcium silicate, Now, 
this would appear to explain the hardening of 
thé mortar, but in no wise does it touch upon the 


~ question of the adhesive properties exerted by that 


The simplest explanation, I think, of this material 
latter point is this: that the portion of the lime 
immediately touching or lying on the brick unites 
with the silica contained in the latter, thereby 
forming an intimate, solid connection—in fact, a 
fusing, as it were, of hard mortar into the brick. In 
the case of cementing stone containing no silica the 
action would be that a portion of the sand of the 
mortar unites with the lime contained on the surface 


. @Y face of the atone. 


| 78, Iaminous Paint. 

Of late years efforts have been made to introduce 
into: general use paint to which the property of 
giving out light in the dark had been imparted, by | 
admixture with sulphide of lime. This latter ‘salt is. 
readily obtained by heating @ mixture of lime and 
sulphur to bright redness. On exposure to light it 
absorbs a certain. amount of the rays, and gives them ‘ 
out again when taken into the dark, appearing 
luminous or phosphorescent. Articles covered with 
oil-varnish paint, made with sulphide of lime, appear 
luminous in the dark, for a length of time dependent 
upon the duration of the previous exposure to light. 
It was hoped that extensive practical application 
could have been made of this principle, Lamp-posts 
and gates, bridges, and the tail end of trains, life 
sea-buoys, and lighthouses, were painted with the new 
luminous paint-—all being rendered perfectly luminous 
and visible in the dark, the amount of light evolved 
being in each case proportionate to the length of time 
previously exposed to light. Notwithstanding these 
results, luminous paint, though employed to a limited 
extent, has not found the extensive application antici- 
pated for it, owing chiefly to the fact that in dark 
winter nights, when most needed, the luminosity will 
be less, owing to the darkness of the days; whereas 
in summer nights there will be great luminosity when 
less need of it. And it need hardly be observed that 
in such cases it is most important that it should be 
dependable or reliable.in its action, as otherwise it 
might lead to those very inconveniences or actidents 
the prevention of which is the object of ita use. 

Sulphide of calcium or lime absorbs more light 
when warm, and gives it out again more readily. 
Kither daylight or eunlight or artificial light serves 
to excite the phophorescent properties of this sub- 
stance. It should be remembered that luminous 
paint must contain no lead compounds, nor must it be 
laid in contact with anything containing lead, as the 
black lead-culphide would then be gradually formed. 
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It is hoped that luminous paint may yet be exten- 
sively employed in the many directions in which it 
is, beyond doubt, applicable, Next month we intend 
to give an account of its present use and its future 
prospects, 

73, Treatment of Rose Plants in the Flowering Season 

for the Insects. 

It is only to one point in connection with this the 
“Queen of Flowers,” as it is deservedly called, that 
we propose devoting a paragraph, and this is an 
important one, as all who cultivate the rose know 
well—namely, the prevention of the ravages of insects, 
Of these the chief, if not the only one demanding 
extremest care, is the Aphis, known popularly as the 
“green lice.” Amongst the many valuable, but not 
always valued, lessons which the cultivation and care 
of flowers of all kinds teaches, there is none perhaps 
more striking and salutary in the influence. it has 
upon the morale of the flower grower than that of 
patience and persistence in the doing of necessary 
work. And we doubt if this most valuable attribute 
is more thoroughly tested in all the wide and varied 
range of flower culture and care than the work to 
be done in connection with the Rose, at that season 
to which our note refers, And unless this virtue be 
exercised to the full, we may say at once that success 
in bringing forward the roses to that perfection 
which all like to see will not be secured. Minute 
as the insects known as the green lice are, considered 
individually, it is amazing how great the extent of 
the mischief which but a few will do to a plant 
in a remarkably short space of time. Nor is the 
rapidity with which they multiply a less marked or 
a leas annoying feature of their existence. If the 
amateur rose grower—for it is to the gardeners of this 
class our note is addressed—through any cause—illness, 
laziness or indifference—ceases to pay attention to his 
plants for but a single day, he knows but too well 
that he will have to suffer—or rather his plants will 
—no small loss as the result of his absence, or as 
the penalty of his neglect. To one who for the first 
time comes to the work of rose culture and care, and 
to an observation of all on which its success depends, 
nothing will be more surprising than to note the 
extreme rapidity with which the insects increase and 
multiply. He will have left a plant which he believes 
to be almost free from them but a few hours, 
and on his return he will find branches and buds 
literally alive with them. And great will often be 
his disappointment, abould he be called from home for 
but a day, to find on his return some “ precious buds,” 
‘which promised to give him some splendid roses, 
half devoured, and hopelessly ruined. The surprise, 
indeed, is to the novice very great, how so small, 
ro insignificant-looking an insect, can do so much 
mischief in so short atime. It is a fine example of 
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what small efforts persistently continued can do; and 
it affords an excellent lesson, inasmuch as it is only 
by a like persistency in the carrying out of preventive 
measures that the mischief the insects may do can be 
prevented, ‘What is the preventative’ the novice may 
ask, More correctly the question night be, ‘What 
are the preventatives?’ for they are more than one. 
With a certain reservation it may be said that their 
name is legion, We do not purpose giving oven the 
names of the best known of these, but simply to 
confine our notice to one which has now been tried for 
some seasons, not only with roses, but many other 
insect- plagued plants, with such marked and uniform 
success, that we never think of using any other. 
This is nothing else than carbolic acid—a liquid, 
fortunately for those who have not much cash to 
‘spare, as cheap as we have found it to be’ successful, 
The acid: we use is the ordinary, or what is called | 
crade (that is, not refined) or commercial, As ‘wes: 
‘have maid, it is very cheap: two-pennyworth we have 
found to do a very large amount of Z 
work, with a good deal to spare for battles with the 
slugs or snails, which do such woful damage to such 
crops as vegetable marrows, kidney-beans when 
starting, and to strawberries, The crude carbolio acid 
being very strong, and being a poison, requires to be 
kept carefully under charge, and should be diluted. 
The process of preparation is very simple, and 
demands no great nicety of proportions. We generally 
use an ordinary-sized teaspoonful to a quart or 
rather better of water. The water is applied boiling, 
or at least very hot; the acid being placed in an 
earthenware jug, and the hot water poured over it 
and this from some height above the jug, so that the 
agitation will mix the acid well with the water. The 
mixture is ready for use a8 soon as it is quite cold. 
The best way to apply the mixture to the plants is 
in the form of a spray. For the amateur, who is not 
supposed to have very many plants to keep in order, 
one of the smal] blowpipe sent or spray distributors 
will be the best, as it certainly will be the cheapest — 
costing as it does but a few pence. For distribution 
on the larger scale, a small pump with a spray nozzle 
will do excellent service. We have such faith in the 
efficacy of dilute carbolic acid water in getting rid 
of all kinds of insect plant-plagues, that we believe if 
it was applied by pump and spray nozzle to the hop 
plants, the lowes which vex the souls and impoverish 
the pockets of hop growers, of which we hear so 
much, would be largely if not wholly avoided. To 
return to the work of the amateur in clearing his 
rose plants from the insect pest by means of a «mall 
or as we call it a toy spray distributor: while its 
purchase is within the means of nearly all rose . 
cultivators, ite use is not within the compas of the 
lungs of all. To blow the spray upon one plant may 
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be easily enough done; but if half dozen plants, 
and those of moderate size, have to be operated upon, 
even a etrong-lunged amateur gardener will find 
himself sufficiently tired of the work of blowing the 
spray. Some are so tender in their lungs that they 
cannot, and indeed dare not, attempt the work of 
“spraying” even a small rose-tree. In such a case 
one has to resort to other means of applying the 
dilute carbolic acid water. We believe there is a 
form of small sick-room or drawing-room spray 
distributor, worked by means of a hollow vulcanised 
india-rabber ball or sphere. We have not tried this, 
and have had no occasion to do so; having in the 
first instance provided ourselves with an ordinary 
blowpipe sprayer, and nature having kindly provided 
us with such a powerful “ puff,” as one of our young 
folks persists in naming it, that with very brief, 
judiciously arranged pauses or intervals, we can 
* doctor ’—-another juvenile term—a goodly number of 
plants without being much if in any way distressed. 
If the plants are treated in time—that is, before 
they are taken a thorough hold of by the insect 
plague—the spraying is very effective ; and those who 
use it for the first time will be amused or gratified 
at the way in which the insects will ‘ drop” from the 
plant the moment they are touched by the spray. 
But if through neglect, laziness, or indifference, or 
perhaps an enforced absence of a day or two from the 
pleasures which plant culture and care give in large 
measure to all lovers of flowers, the insects get a 
thorough hold of the plants—we have found that 
repeated applications, or rather a lengthened and 
continous single application of the spray, is necessary 
before the insects are dislodged from the plants, 
And this lengthened spraying, from. what we have 
said above, is not within the compass of every 
amateur gardener’s lungs to give. All this points to 
the amateur beginning very early in the season to 
look after the insects. There is nothing like dealing 
with them in detail; for in no case is the truth 
conveyed by the proverb “a atitch in time saves nine” 
“more enforced, than in that of the insect plague of 
rose plants, The two or three of to-day, if not 
sprayed off, will in-two or three days have multiplied 
to dozens and dozens, Their rapid increase is mar. 
vellous, and so also is the way in which so many 
contrive to keep on to the branches or twigs. We 
have seen them many a layer thick, till a’ slender 
twig bulges out to the size of a thick one. And 
the rapidity with which such individually tiny insects 
get rid of, or ent up, leaves and buds, and destroy or 


impair the vitality of the branches, is no leas surprising. - 


When plants, then, are so thickly infested—we were 
about to say incrusted, and the term is after all 
graphically expreesive~with the insects, the very 
thin and attenuated epray—it is more like a vapour 
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than a liquid shower—acts too slowly upon the 


‘plague: more vigorous measures have to be taken. 


There is a way of deftly flirting with the fingers 
drops of the dilute carbolic acid water in such heavy 
showers, so to call them, that the application is more 
effective than the spray; or a light sponge may be 
‘used to wash or brush off the insects.’ But we have 
found no method so effectual as using the fingers— 
dipping these into the carbolic water, and gently 
rubbing off the insects, Nothing can exceed this’ 
delicacy of touch, and a very little practice will enable 
one to get so deftly through with the operation, that 
he will be surprised to find how short a time ie 
required to do so much. No doubt the method has 
ite disagreeables. Some, indead, would say that it is 
essentially and altogether disagreeable, In the first 
place the fingers will for some time after the work is 
finished have an odour which is very suggestive of tar. 
But this is not disliked by some, and at the worst is 
not so very bad, In the second place the method in- 
volves a brushing off and a crushing up of vitality or 
life which we freely confess is at the first experience 
of it anything but pleasant. It has more than once 
so shocked the susceptibilities of delicate friends 
that they have “wondered” or been “surprised” 
that we could do such a thing—with a double 
emphasis on the “could” and the “such.” ‘To which 
our reply was invariable— Well, it is not pleasant, 
but, much as we dislike the process, we love our plants 
and the rosea they give us too well to make us grudge 
doing such an office for them.” And we are free to 
confess that it is only the true flower-lover who would 
undertake the work and give patiently the time to it 
which its proper doing demands, And if a little 
sacrifice of feeling is feared, and some time and trouble 
are grudged, there is nothing more to be said, save this 
-—that the so-called love of flowers cannot be very 
strong. And after all the labour gets lighter every day. 
For whether it is that, like rats, the insects leave places 
where a warfare of continual disturbance is kept up, 
or whether it is that the leaves and branches of the 
trees or plants get so impregnated with the peculiar 
odour of the carbolic acid, we do not here pretend to 
decide ; but the fact we can vouch for is that each day 
the plague is lessened, till at last a point is reached 
when an occasional application of the earbolic water 
only is required, and in some instances even that may 
be dispensed with. ‘We have seen enough in the case of 
other plants—such as vegetable marrows—as well as in 
that of roses, to convince us that there is simething in. 
the carbolic acid water peculiarly obnaxious to insect, 
life. And on the other hand this valuable peciliarity is 
not lessened by any evil influence which the acid‘exer- 
cises upon the plants themselves. On the contrary, we 
have abundant evidence thet there is something in it 


which has a good or healthy influence upon vegetable 
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growth. Many a time, when some favourite plant has 
been showing symptoms of being out of condition, 
have we brought it quickly back to vigorous life by 
one or two spray applications of the acid water. 
Not once, but often, have we returned home after an 
absence more or less lengthy, to find our rose-trees so 
neglected as to be so infested or incrusted with insects 
that to save them or to get flowers from them that 
season seemed to be altogether hopeless, But the 
labour required to give them what at the best was 
but a very slender chance indeed of recovery was 
never grudged. As well it might not have been, for 
in no instance was the labour lost,—quite the reverse 
of that, in the fine healthy plants and the beautiful 
roses we have had. And we confess that not seldom 
have we been surprised at what the application of 
carbolic acid water has effected. We have had buds 
actually and as we thought hopelessly eaten into by 
the insects, and which under ordinary circumstances 
would not have recovered, but rotted or decayed 
away, actually restored to such healthy life as to 
yield roses which might be pronounced fine. This 
often to the surprise of others, as well as to our 
own. We should be very much gratified if what we 
have given on this subject will induce some hop- 
grower to try the dilute carbolic acid water on his 
plants this year. We feel somehow pretty well 
assured that the application will be successful—in- 
finitely more so than the water washing or rponging 
which is tried; and the acid is so cheap that the 
cost of the carbolic application will not greatly exceed 
that of ordinary water. We hear, season after season, 
of hop growers earnestly wishing for rain to come 
to wash off the insects from their plants. They have 
here a chance of making artificial showers of a liquid 
which, to say the least of it, promises a good deal in 
in the way of stopping the ravages of the insect 
plague which every year destroys so many of our 
i.op flowers. , 
74. Topping of Garden Beans. 

In giving our various notes on gardening, we 
_ do not, as a rule, intend to issue them so as to be 
“ geasonable,”—that is, in the sense of being published 
at or about the time when they can be applied in 
practice. We do not profess to give a “calendar of 
work” in these notes. Our aim is simply to record a 
number of facts and figures which in time will form 
a body of information, which, though given in de- 
tached paragraphs, will be more or Jess useful in a 
practical, but in all cases of a suggestive character. 
"The present note will, however, be publiahed so as not 
to be very far in advance of the period when topping 
of beans will be valuable. The mere name will 
convey to most the nature of the work—which is 
to cut off the top or upper part of every beanstalk. 
But many, and even of those who have for long 
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kept gardens and grown beans for family use, have 
no idea what useful purpose the proceas is to serve, 
We have met with more of this class than at one 
time in our practice we should have deemed likely to 
exist, If the reader who has not hitherto paid atten- 
tion to the subject will take notice, next time he has 
a@ plot of garden benna— broad” or “ Windsor "— 
that at that stage of their growth about the period 
when the plants are coming or about to come into 
full flower, seldom later on, when the flowers have 
faded and the bean pod just formed, the tops 
of the plants begin to be spotted over with very 
black marks, If allowed to go on, these will 
increase till the black covers the whole hend, and 
extends downwards along the stem. These black 
marks or patches are minute insocts—so minute that 
thousands will be thickly clustered round a few inchos 
of beanstalk. If closely looked at, what appear at 
first sight to be but some black-looking material or 
substance which has gathered upon the upper part of 
the plant, will be found to be in motion, the insects 
thickly clustered giving a movement not easily trace- 
able in tho single insect. Those insects invariably 
attack the upper, the freshest and newest, and to 
them the sweetest part of the plant. If the original 
colony which takes possexsion of this part be allowed 
to rest there, the insects multiply so rapidly that they 
extend downwards till the whole plant nearly will 
be covered by them. The presence of theso black 
insects, corresponding to the green aphides which 
affect and often ruin roses, simply means practical 
death of the planta, for the crop for which they are 
alone grown will bo poor in proportion to their 
presence, and in some cases will be totally destroyed, 
The only way to socure the crop against this curse is 
to cut off the uppor part or top of each plant as Koon 
as the black spots or marks begin to appear. This 
may seem to be a tedious process, but it is much 
more quickly done than one would think; at all 
events, the gardener has only to choose between 
taking this trouble and having little, in many casos 
nocrop. The topping may be done by nipping the 
heads off with the finger and thumb, but by far the 
quickest and most pleasant way is to use a large pair 
of scissors or shears, The severed heads should be 
collected and put in the manure or compost heap. All 
seasons are not alike ax regards this bean pest, sume 
being specially bad ; but we do not recollect ever neeing 
a crop wholly free from it, and even in its lowest 
development the insect is too mischievous to be 
allowed to continue ita ravages. No plant can be 
healthy when it is present. And an early look-out 
for the appearance of the insects should be given, as 
the period of their attack varios, and this chiefly from 
peculiarities of the weather and the condition of the 
planta. 


76, The Motrical or Continental System of Weights and 
Measures now largely used in Technical Papers in this 
Country. 

In paragraph No. 85 (p. 190), we have given a note 
on thermometric scales, and have there alluded to the 
fact that the decimal system of weights, measures 
and scales in use on the Continent, and generally 
known as the “Metric” or French system, it having 
originated in France under the auspices of the first 
Napoleon, has been largely and is being more and 
more largely used by scientific men in this country 
in their investigations and experiments, and in the 
formulss deduced therefrom. This fact, together 
with that other suggestive one, that a large number 
of technical papers most valuable for our practical 
purposes are met with in French, in which of necessity 
the Decimal system is used, render it a matter of 
no small practical value to our readers that those 
at present in ignorance of should be made acquainted 
with the Continental Metric (Decimal) system. Its 
leading characteristics we propose to give in a 
series of paragraphs, of which this is the first instal- 
ment. The term “ Metrical,” which is the most 
commonly used term to denote the system, is derived 
primarily from the Greek word metro, which is the 
“unit” or base figure of the system. The term 
“metrical” given to it is, however, perhaps more 
widely, and certainly more popularly, supposed to be 
derived from the French word métre (see Dissertation 
of the Technical Dictionary), The word métre itself 
is the leading term in the tables of measuremente, 
linear and cubical, and has a like relation to the 
‘general terms as our yard has to the general terms 
of our own measurements, From the yard the metre 
in point of length varies some one-twelfth or there- 
abouts. The term “metro,” which is the true base 
of the term metrical system, and which, as we have 
said, is its “unit,” is the ‘‘ten-millionth part” of 
the distance between the North Pole and the earths’ 
equator. 

(a) ‘Measures of Length and Distance leading 
features of the Metrical System adapted to Linear 
Measurements.”—-The base of these measures is the 
“metre,” the length of which is given below. The 
“multiples” of the “ metre”—of course decimal in 
character—are 10, 100, 1000, and 10,000. All these 
are named or distinguished from one another by terme 
prefixed to the word metre—these prefixes are derived 
from the Greek language. Thus the multiple 10 of 
the metre has its prefix “deca "—a Decametre is there- 
fore equal to 10 metres. The multiple 100 has its 
prefix “ hecto "~—a Heotometre is therefore equal to 100 
metres. The multiple 1000 has the prefix “ kilo,” the 
Kilometre being thus equal to 1000 metres. The 
multiple 10,000 has the prefix “myria,” and the 
Myriameire is 10,000 metres. The sub-multiplea, or 
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divisions indicating measurements less than the metre, 
are 10, 100, and 1000. These are named by giving 
prefixes to the metre—those being taken from the 
Latin language. Thus the sub-multiple or division of 
the metre 10 has the prefix “deci ”—-a Decimetre” is 
therefore equal to the tenth part of a metre. The 
division 100 has the prefix “centi"—a Centimetre is 
thus equal to the hundredth part ofa metre. Finally 
the division 1000 has the prefix “milli” given to it 
-—90 that a Millimetre is the one-thousandth part of 
a metre. — 

The relative values denoted by the prefixes are seen 
in the following table :— 


Milli = 1000th part of the unit or metre 
a 
= ’ rT) 
UNIT= 1 mene. ; 
Deka = 10 metres 
Hecto= 100 ” 
Kilo = 1000 ” 
Myrio = 10,000 ” 


(6) * Equivalents in English lengths and distances 
of the above Metrica] Measurements.” 
The Unit is the M,tre, which equals 39°37 inches 


Millimetre = at inches = ‘08987 inches 


Centimetre = wat inches = °8987 inches 


Decimetre = ae inches = 8987 inches 


Metre = 89°87 inches = 8:28 fact = 1:09 yard.* 
Decametre = 10 x 89°37 inches = ,893:37 inches 
= 10°9 yards 
Hectometre = 100 x 1:0986 yards =» 109'36 yards 
Kilometre = 1,000 x 1:0986 yards = 1093°6 yards 
Mytiometre = 10,000 x 1°0936 yards = 10936 yards 
(c) As a useful contrast we here give the corre- 
sponding table of English lengths and distances :— 
12 inches = 1 foot 
8 ri = 36 oad 1 i 
54 yards = 16) feet = 198 inches = 1} pole, rod or pe 
40 pois = 220 yards = 660 feet = 7920 inches = 1 furlong 
8 furlongs = 320 poles = 1760 yards = 6280 feet = 21,120 
inches = 1 mile 


(d) The following gives in tabular form English 


measurements with Metrical equivalents :— 
Mile Furl Pol Yards Foot Inches Metres 
lw 8m B20 = 1760 = 8,280 = 21,120 & 1609.8149 
1 =» 40 = 2320 = 660 = 7,920 = 201'1644 


— 5} 16 = 198 = 50291 
“HD BD gus 

| = = 9 
lm 00254 


In land surveying a linear measurement is employed 
called a “chain,” the length of which is 66 feet; its 
Metrical equivalent is 20°116 metres.f A hecto- 
metre is 4:97 chains; a kilometre is 49°71 chains. In 
nautical practice a “knot” is equal to 1°15 miles or’ 
608266 feet, and its Metrica) equivalent is 1853-93 
metres, 

* More correctly a Metre ia = 89-8708 inches = 8-2809 feet 


= 6 ‘ 
Pep tay bol which see in a fatare 


or Land Measure— 
paragraph—the *‘ chain” differs from this factor, 
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(26) We have elsewhere in this department of our 
Journal given a note on the relations of “ solutions” 
of solid substances, which in the popular phrase are 
more or less easily melted in liquids or fluids of one 
kind or another. If a liquid, as water, dissolves 
a solid substance, soy, as sugar, when the melting is 
completed the resulting liquid is said technically to 
bea “solution”; and in proportion to the quantity 
of sugar dissolved is the liquid said to be “ saturated,” 
Tho degrees of saturation are—like those of heat and 
cold—purely relative. Thus, in the case of solutions 
of sugar, one solution may be said to be swoot—even 
very sweet—yet it may be far from sweet in relation 
to another solution, which may bo sweeter still—that 
ir, have more sugar dissolved in it. In making solu- 
tions it will be observed that the liquid, as water, 
will, beginning with small weights of the substance, 
say sugar, keep taking up more and moro of the 
sugar as tho portions last put in are melted, the 
solution being sweeter and sweeter and bheeoming 
more and more saturated, But at Jast a condition of 
mutters is rerched when, however much of the sugar 
is put into the liquid, and however industriously the 
solution is stirred, the sugar will not be melted, but. 
in a state of rest will lie at the bottom of the vessel, 
surrounded and mixed with water, but quite unmelted. 
The water or liquid seems to have lost its dissolving 
powers; it is not able, so to say, to carry a further 
load of the sweetening matter; it can no longer attack 
the sugar and make it give up its secretions. When 
a solution gets into this condition it id sald to be 
“ supersuturated.” 


(27) In Note No. 10 we made a remark or two 
upon gypsum, better known as plaster of Paris, and 
its value in the arts as a cementing material, and one 
also of great use in other ways, ns in the casting of 
ornaments and the making of a fine hard plaster, But, 
valuable as it is, from the rapidity with which from a 
condition of a creamy or thicker paste it “seta” into 
a material as hard as stone, this very characteristic 
has its disadvantages ; for not seldom does the plaster 
wet before the work it is used for is completed, at least 
with all the nicety and finish which one may wish 
to give it. Hence a method is obviously desiderated 
of treating the gypsum so that while it still, when 
made into a paste with water, retains t e property of 
“ getting ” or hardening, setting is so slowly done that 
ample time is afforded to use it and finish off the work 
to which it is applied with all the carefulness and 


necessary slowness desirable, Such a method we owe 
to the researches of a Continental scientist, of which 
the following is a brief description :~-The method is, 
like many other improved modos of working different 
substances, very simple, and consists in mixing with 
the water and gypstan ao portion of the dried root 
—pulverised of the plant well known as the marsh 
mallow. This, mixed with the powdered plaster of 
Paris, forins with it a species of fat lime, the setting 
or hardening property being only delayed, and not in 
any sense Impaired. Tho softening proportios’of the 
marsh mallow are well known ; they give, in fact, the 
name to the family of this woll-known plant, of which 
there are inany varietios, this mune, maleacer, boing 
devived from the Latin ma/ra, and this from the Greek 
word autlache, which itself comes from the Greek verb 
mutlaaso, to soften, Tho softening property of the 
marsh mallow arises from the presence of a large per 
centage of mueilaginous matter, which distinguishes 
the whole family, The mucilage present in’ the 
Inarsh mallow seams to have a singular effect on the 
plaster of Paris, It can be moulded into any form, 
plain or ormumental; rolled into sheets possessed of 
considerable elasticity, and which, when hardened, do 
not. break,—worked, indead, in the many ways which 
& thoroughly plastic and tough substance admita of. 
For the ordinary purposes of cementing, the plaster 
of Paris treated with the marsh-mallow root hardens 
well in about. an hour-—in itself a great practical 
value, which those who have only worked — with 
the plaster iu the ordinary way will thoroughly 
appreciate, ; 


(28) Aluminium, one of our modern metals, the 
basis of which is alumina, from the Latin word for 
clay—hence the name—wan first produced on the 
large seale by Deville, the celebrated French chemist, 
Professor Wihler being the original dixsoverer., Sines 
its production in quantity, some thirty or thirty-five 
years ago, it has been used for a wide variety of 
purposes, having at one time been very fashionable 
when formed into articles of jewellery, which, if not 
valuable for their other qualities, possessed the de- 
sirable quality of extreme lightness, The low «pecitic 
gravity of the metal forms, indeed, its chief character- 
istic, and affords constuntly a method of distinguishing 
it from all other metals, when in the form of one 
or other of its alloys it sasumes an appearance 
differing from ita natural, and—to many—not very 
pleasant one, the colour being a tone between that 
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of zinc and iron. Taking the standard of specific 
gravity—namely, water—nas 1, the specific gravity of 
uluminium is 2°5 or 2} times heavier only; copper is 
three times heavier, silver four times, and gold eight 
times heavier. 


(29) At the conclusion of our last note on the 
subject of “ Fucl Combustion” (No. 24) wo stated 
that, so far as the rapid and complete combustion of 
a fuel was concerned, the condition in which it was 
was everything; it is, at all events, of practical 
importance when using fuels,—of such importance 
that further remarks upon the subject will be of 
value to our young readers, A highly combustible 
materia] may, indeed, be so placed that it will be a 
difficult matter to get it lighted and burned away. 
This may be tested simply enough, but yet in such 
& way as to convey some lessons of practical value in 
the matter of combustion, Take a newspaper, and 
crumpling it up so that it will in a measure stand 
upright on the floor, apply a lighted taper to the 
lower part, next the floor; in a second or two the 
paper will be a sheet of active flame, which will soon 
exhaust itself, and leave in a minute or two black 
patches of ash. Take another paper of the same size, 
lay it flat on the floor, and set fire to it at one part, 
as before, The chances are that the flame first created 
will soon die out, or, if not extinguished, it will creep 
slowly along the sheet, and ten chances to one it will 
get extinguished rather than burn completely away. 
Take another sheet, fold it up flat into small compass, 
and try to set this on fire lying flat on the floor; the 
task of wholly consuming or burning it completely 
away will be no onsy one. It will be facilitated, and 
‘greatly, by placing it on edge and keeping it vertical, 
and setting fire to it at the foot. The difference in 
the results has arisen wholly from the condition of 
the combustible—the relation it had to the air, which 
was necessary first to be heated, and the oxygen of 
which was ready to enter into combination with the 
carbon and hydrogen of the combustible, And the 
influence of a high temperature in so preparing the 
combustible for rapid burning and complete combus- 
tion can be exemplified even by the simple experiments 
we havo described, For let the youthful student set 
fire to a large sheet of paper, or some light pieces of 
wood, on a cold stone surface or on a cold iron plate, 
and then upon these warmed or upon a wooden floor, 
and he will at once, if observant, note the difference. 
The ultimate lesson derived from these experiments 
with combuatibles, which the youthful inquirer will 
learn, will be that the more solid and dense the 
combustible, the heavier and the larger the pieces or 
lumps, the longer time will it tako to “ kindle” them 
or get them into a state of active burning, and the 
longer the time for effecting complete combustion. 
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The gonverse of this will be brought about by the 
process of “ division,”—of, so to say, cutting up or 
breaking up combustibles that the maximum of 
surface be obtained in order to facilitate the com- 
binations which bring about the active combustion 
of the fuel. And the young reader will perhaps be 
surprised to learn that the whole tendency of ad- 
vanced practice in the combustion of fuel for the 
obtainment of the high temperature now necessary 
in various improved processes of the arts, is to carry 
out the principle of division in heating the com- 
bustible; and this by so changing its condition. that 
large surfaces are presented to the action of heat of 
the kindling, or already kindled, fuel, thus facilitating 
the combination of its constituents and of the air; 
that coal can be so treated that, on the application of 
a light, it will be flushed into flame with almost the 
rapidity with which gunpowder explodes when the 
lighted fusee touches it. Coal dust—some of it a 
fine impalpable powder, the quantities of which have 
long rendered it a nuisance difficult to be got rid 
of—was some time ago almost successfully deult 
with by one of our ablest engineors; the mechanicil 
difficulties were such that the attempt had to be 
given up, but the importance of the principle of 
division was nevertheless amply proved by what had 
been done. Applied in another direction, it has been 
so eminently successful, as we have already said, in 
dealing with the absolute refuse of cambustibles, that 
fuel in the ultimate stage of division—that of » gas— 
is now used everywhere in the obtainment of temper- 
atures ranging up to points altogether beyond even 
the most sanguine dreams of the advanced engineers 
of a quarter of a century ago. On what has been done 
—what is daily being done—with it, the reader will 
find some notes in the latter part of the paper in the 
text entitled ‘The Steel Maker.” 


(30) To the collection of notes upon “Cements,” 
we add another, said to be useful, for the joining of 
iron or steel, and gutta-percha, leather, and canvas 
together; and which possesses a characteristic 
which will be appreciated by the mechanic with 
whom clean surfaces free from greasy matter are 
not of easy attainment, this feature being that the 
cement is not lessened in adhesive value, or if so but 
to a trifling extent, even should the surfaces to be 
joined be greasy. The only caution to be attended 
to is that the surfaces be not moist or wet; they will 
be all the better if thoroughly warmed. The cement 
is made by thoroughly melting by the heat of a water 
bath two pounds of ordinary glue of the best quality, 
adding to the melted mass two ounces of gum am- 
moniac, carefully amalgamating the mixture. When 
well mixed add two ounces of muriatic acid, carefully 
mixing this also with the other ingredients. 
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breeda of, 87: see also “ Cattle 
Breeding ” 
butchers’ meat and, 87 
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scientific, 82 
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See also “ Live Stock” 
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" Cattle for fattening {consinuéd) 
horns of, 856 ing { ; 


longhorn, 857 
lungs of, 220 
points ot, 219 
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proportions of, 221 
shorthorn, 222, 255, 834 
size of, 919 
skins of, 221 
stomachs of, 220 
teats of value of, 221 
texture of, 221 
touch of, 291 
value, teats of, 221 
vital cyan of, 220 
West ghiand, 858 
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joists of, XXXVII 

plans of, 218 
Cement, lime, 884 
Centigrade scales, 190 
sara Institution of Technology 


Centre of gravity, ships and, 877 
Oentre-pieces, decorative, I 
Charcoal Pencils, draughtsmanship 
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eee ues planning and store, 


Cloth : 
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recent discovery of, 191 
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Oolour : 
cold in, 888 
decorative, 1, 1x, XIV, SXXI 
definition of, 882 
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foreign, 1-8 
technical education and, 04 
Competitive a beri technical edu- 
cation and, 145 
museum, 91 
Complementary colours, 882-8 
Counts, factory, 68 
Oonorete, Portland cement, 41, 188 
gurations, geometrical, 884 
Oonnecting rods, machinery, 11 
countries : 
joinery in, 97 


Continen 
ornamental woodwork in, 97-8, 


technical education in, 94 
Contracts ; 

architectural, 88, 215 

engineering, 83 
Convex lines, geometrical, 884 
Convex surfaces, roads with, 209 
Copings, masonry, 848 
Oopper institute; B48 
Corn, Sramiering compared with 

growing of, 82 

Corners, masonry, 249 
Cornices : 

carpentry, XXXVII 

masonry, XXXVI 
Correspondence, 44, 92, 141, 198, 

246, 208, 344, B49 

Corridors, plans of, 218 
Cottages, timber, XL 
Uottage gardening : 

crops anticipated in, 814 

economical, 814 

flower culture in, 314 

fruit culture in, 814 

herb culture in, 815 

laying out in, 814 

potherb culture in, 815 

seasons and, 814 

vegetable cropping in, 814-18 
Cottara, force-pump, LXIV 
Cotton : 

arrival at the mill of, 265 

bales of, 265 

compressed bales of, 265 


ump of, 265 
mixing of qualities of, 265 
opening up of fibres of, 265 
porcupine machine for, 265 
qualities of, 80 
vertical opener for, 266 
willow in dreasing, 266 
Cotton manufacturing ; 
beaters in, 871 
calicoes and, 80 
chief seat of, 29 
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Croas-pleces, join 
Groseseotiona 7? 1 Drying apparatus, calloo printing, 
Fondrgkiy 299.50 meek 
Cupboa 9 oe auimalcules in indigo, 297 
Curve ie » houre, planning and, 127 calico printing and, 16, 170 
ughtsmanship of, 166- i 
eee rams ne 
ng, @ ty for, 48 Earths, bri ; u " 
Oylinders, calico printing, 206-7, 828 ioe pila ee 
Cylinders of steam engines; force-pump, LXIV 
die ae in, 85 appa 
ution of steam B Ed 
expansive work in, 853° Batcarion ig teh " 
high pressure, XLIV Electricity : 
cycling by, 48 
Dairy produce, graziering and, 87 eek tor removal, 14! 
Deck cargoes, ships and, 877 peed of, 43, 192 
Decoration : water power for generating, 844 
Alhambra, 1 Blectric engines, steam engines 
Arabic, 1 versus, 27 
bands in, a Electric lighting : 
centre-piaces in, I committee on, 245 
colour in, 1, 1X, XIV,XXVI, XXXII _ progress of, 297 
form in, I, IX, XIV, XXV1, XXXII railway train lighting by, 191 
friozes in Elevations, architectural, dis 


I 
industrial, I, IX 
Olnery, XX1 
oresque, I 
mouldings in, 1, XXVI 
panel, XXXII 
paper, XXXII 
ecrolls in, XXVi 
textile, XXX 
wall, {, XXXI11 
Petnitions, importance of accurate, 


Ponening 
See “ House Planning ” 
See also “ Ornamental Wood 
Working” 
Devon cattle: see “ Cattle” 
Piagonsl adjustments, carpentry, 


Digestive organs, cattle’s, 220 
Displacement, ships and, 877 
Dynamics, science of thermo-, 865 
Doctors, calico printing, 826 
Domestic architecture, sheet i 
Domestic house planning : 

“ House Plann ng . 
Domestic life, vegetables in, 817 
Domestic structures, ornamental 

work in, 98 
Doors : 

bedroom, 204 

casings of, XX¥ 

closet, 261 

drawings for, XVI! 

hanging of closct, 261 

heads of, x 

joinery, tv, xvil 

room, 261 
Doorways, masonry, XXXVI 
Dovetail joining, joinery, 216, 289 
Dovetailed ledges, joinery, 160 
Draining, land: see “Land Drain 
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tectural; ses “ Building” 
building ; see “ Building ” 
yn Speco : see “8 


oom : ee 
Draughtemanship ” 
machine : see “ Bullding ” 


Drawing : se“ Draughtsmanship ” 
Drawing-boards, 100-1 
Drawing-paper, dimensions of, 190 
Drawing-pins, 102 
Drawings : 

civil onginoering, 85-6 

T-squares and, 100-} 
Drivers, steam-engine, 276 
Dresden, education at, 48 
Dronghts, draining and, 158 


Emigrants, houses for, XL 
Energy, mechanical, 807, 962-5 
Engineering : 
raughtamanship for, 88 
wire gauges and, 84 
See alao “ Architocture ” 
See alao “ Qivil ” 
See also “ Mechanical” 
Engines: oe “Electric,” “ Gus," 
* Steam ” 
England : 
brick and stone in, 812 
sepeable culture in, 817 
English work: 
competition with, 1 
Continental and 94 
folly of, 98 
hig value of, 8 
losses in, 93 
opportunities for, 95 
peonliarities of, 1 
Rup TeMaCY of, 0S 
See also * Industrial Work ” 
Ennilage, introduction to, 187 
Estimates : 
building, 248 
data for, 87 
Even kevl, ships and, 877 
Exhibitions: 
Antwerp, 298 
Inventions, 43 
New Orleans, 245 
various, 648 
Expander, cloth, 194 
Eyes, link, 244 
Factory-work, cloth in, 29 
pice : sea “ Cotton” 
counts in, 68 
district for, 68 
duties of, 29 
great district for, 68 
organisation of, $9 
in, $9 
woven goods in, 79 
yarn in, 23 
Ses also “Textile Manufacturing ° 
Fahrenheit scales, 190 
Farming : 
art of, 128 
brief glance at, 801 
dignified calling of, 128 
graciering aietin reushoe from, 86 
introduction to, 128 
labourers in, 126 
manures in, 302 
, 125 


relations 

of, 802 
science of, 128, 801 
seads and, $02 


results 
soils in, 801-2 
technical bearings of, 124 


WV pa 
ae ‘ati te 
OM ke eta ae ie 
hater hy POR 
uo eit 

art) 


? 
rs ee a hoe fi 
1! Ae Bes i oe n 
i aa he 


Farmi 
abr fubetapeng 
ther joints, joinery, 216 


8, 
Permeation, wil lead produced 
Ferns, decoration with, ux 
Figures geometrical, 258, 834 


dimenaions and carrying weight 
of beam of, 44 J 


Riga, 944 
Fire-bricks, 994 
Fire - house planning and, 


Firing, calico printing and, 17 
Floors: 


jointa for cinta, 244 
olate for sin 
Flotation: 7 
plane of, 819 
ship-building and, 269, 819 
Flowers: 
cottage gardening and, 814 
gardening and lovy of, 162 
Food prescrvor, boro-glyceride as 


a, 
Foroy, mochanical, 279-80, 806-7,i63 
Force pumps: 
cottars of, LXV 
coventrics of, LXIV 
keys of, Uxtv 
oll holes of, L.X1¥v 
piston-rod connections of, Lx 
Plungers of, LXV 
atrapa of, LXIV 
Foreign competition : 
business considerations of, B 
charnoter of, 2 
English work and, 1 
extent of, 2 
Form: 
decoration of, 108 
docorative, 1, 1X, XIV, XXX 
introduction to, 103 
principles of, 108 
principles of, 
Etility: of, 104 
Framing, carpentry, 10, 147 
Framework: 
carpentry, 868 
houses in, Xt 
fron, XII! 
timber, X11! 
French white, manufacture of, 359 
Priezea, decorative, 1 
Fruit: 
cottage gardening and, 814 
¥ eg ngs of, 821-2 


uel ; 
consumption of, 205 
economy in av6 
ities a 4 
ustrial processes and, 205 

fron-making with wood, 247 
natura) gas aa, 848 
proorases and, 496 
Poraite a, pealilaas for, 204 

urniture, or, 
Furniture making: 

beauty in, 116, he 

cheap work tn, 116 

early aie ots 1600 

tory 

lack of taste in, 118 

taate in, 118 

utility in, 116 


Gables, masonry, 1 

Gallows, machinery, 1 

Gardening : 
allotment syatem in, 164 
cottage : see “ Cottage " 
doubtful whether most made of, 


168 
flowers and, 162 
healthy influence of, 168 





ia a nau clement of, 164 


suit om, i 


re rovement in using, 297 

natural, 48 

souree of power in, 8 
oitisting cffuct of, 190 
Gas engines ; 

future of, 207 
, . fteam engines vereue, 278 
: ed fue solid compared 
G 

bev footed wheel, LV 

power transmitted by, 135 
Geometrical draughtemanship: 

introduction to, 251 

problens a 251 

range 

Paleo thumb in, 261 

science of, 251 


ey sec of, 261 
wi orenge of, 261 
Geometry: 
bent lines in, 252 
configurations in, 834 
convex lines in, Bad 
curved ines in, 252, 884 
fi aint $80 04 
gures in, 252, 884 
horizontal lines in, $05 
Tee of, 251 
linea in, oa ane 
open lines in 
origin ne 202 
parabola in 
Perpendicular lines in, 88 
planes in, 43 
pointa in, nf 
properties of lines in, 25 
right lines in, 252 
rounded lines in, 884 
science of, 262 
ateaight Ines in, 268 
surfaces a a, "884 
terma in, 2 
vertical Nees in, 884-5 
_ workmen and, 261 
zi linea in, 252 
Bee also “ Geometrical draughts- 
eoanehip . ; 
Glass, tem a 
yoeride, 
Gothio roofs, mo for, 1X1 
bea decoration with, Lx 
feeding value of, 90 
Grace 


le land and, 82 
erp of, 88 
cattle breeding and feeding in 
Pecan with : eee “ Cattle ” 
Faeial sbiele f conipared with, 82 
g dis distin aguiahed from, bs 


ga a peditaneltss from, 88 
iceparianes of, 87 

introduction to, 87 

technical pointe of, 87 

treatment of, 87 

See alao “ Cattle a. 
arora and tongued joinery, 652, 


with,41 


tes "4 Wire” and “ Metal” | 


lh 
Hes er of, 564-5 | 
ae min over, ahi and, 877 


b 
| ae 


ag, tora 


cottage tna and, 815 
sale of 


Hereford cattle: see “ Cattle” 
Hides, cattle tested by, 221 
High-pr 


essure steam engines ; 
cranka of, XLIV 

cylinders of, XLIV 

details of, XLV 

shafts of, XLIV 

alide valves of, XLIV 

valvo casings of, XLIV 
valves of, XLIV 


Home education, advautages of, 


148, 146 


eu Planning ; see “ House Plan- 


Horieordal oints, carpentry, X1X 
Horizontal fe eee 


building, XLVI 
Sauelicenenalin 


vill, 71 
geometrical, 8 


Horizontal a joinery, 288 
House uanieg: oe 


eri of conveniences in, 202 
bad, 67, 126 
bedroom-doors in, 204 
closet-doors in, 261 


_ Clonets in, 202-8 


comforts secured by, 66 
cupboards in, 127 
domestic comforts of, 66 
doors of bedrooms in, 204 
doors of closets in, 961 
doors of rooms in, 261 
economy secured by, 66 
examples of bad, 67, 126 
fatigue incurred by bad, 67 
fireplaces in, 126, 204 
furniture positions in, 204 


ealth influence of, 66 
introduction to, 66 
kitchen windows in, 126 
larders in, 127 
lessons in, 127 
limited palette of, 66 
spe Arrangement of, 67, 126 
tuiatakes in, 127 
pantries in, 127 
poorer poorer claates gf 127 


in, 
store-closeta in, 2 
storing cqnvenlnom in, 127, 202 
time lout by bad, 67 
time saved by good, 66 
trifles ao called in, 261 
windows in, 204 
window-places in, 136 
working conveniences in, 208 


Houses : 
coloniate’, XL 
emigrants’, XL 
framed, Xu 
rnd details of, ror 
usbandiry grasiering guished 
; 
™ opal duction of, 8104 
pepo 810-1 
ge Grr BiGa1. 88-8 


orincil sip] no? 220-80 
- principles 
: surface, 229 
thistles for, LX 
true, 229 


_ . vetohes for, Lx 
Industrial villages, promotion of, 


245 
Industrial work : 


education for, 95 

inferior, 45 

influence of best, 46 

poor materials in, 45 
present condition’ of, 1, 46 
aclence and, 95 
systematic bad, 45 


technical education and, 5, 45, 96 


Ingots, steel, 240-2 
In , draughtsmanehip in, 28 
Insecta, r rose plant, 38 


' Institute (Oo 
sik hatte of Pectinology, Central, 


Interlocking, masonry, 212 
Iron : 
bara of, 841 
gauges of, $41 
nails of steel and, 848 
preservation of surfaces of, 204 
rods of, 244, 
surfaces of, ‘204 
weight of, ‘64 
weight of rods of, ae 
See also “ Metals” 
Iron waking: 
ancient Hritieh, 287 
cast, 880 
coal as fuel in, 880-1 
coal in relation to, 107-8 
conditions of, 106 
early, 108 286, 880 
+ hammered, 
pipe glance at, 105 
history of coal in, 8b0-1 
improvements in, 106 
introduction to, 105 
leagons of, 105 
localities of, 106 
moar Pe 880 


old G nettiod’ of, 287 
ig, 
n, 267 
ecats of, 106 
wood fuel for, 287 
880 


wrought, 

leon plates, weights of, 87 

nae gh 
satin <LVI 


Nos 
Ona e with, LX 


joey masonry, XXS.VI 


angie in, to in, XXV 


bay windows in, XXVIU 
bends in, $3 ™ 


British, 97 
broad fortnas in, 6 


ental), XXXI, 





dovetail joinin in, 289 
dovetail joints in, 216 
dovetailed ledges in, 16( 
drawings in, XVIE 
edge to edge, 51-2, 160-1 

feather joints in, 216. 
feathers in, 52 
flat edges in, 61. 
flush surfaces in, 161 
grooved, 52, 878 
coved joints in, 216 
alf-lap foint in, 216-17 
historical glance at, 50 
horizontal pieces in, 288 
introduction to, 4 

joined boards in, 161 
joint in, 216 

edges in 160 
lengthening joints in, 216 
lengthening pieces in, 216-17 
mitre joints in, 289 
mitres in, 872-8 
mortises in, er 
an ae in 

ulds in, 3 
mailing in, 51 
narrow boards In, 51 
oblique, 878 
ornamental, 285 
panels in, 1¥, XI, XVII 
panel-work in, XXV 
ploughed joints in, 216 
precautions in, BL 
Pa Wee of, 49 
ad joints in, 218 

aut -beads and moulds in, 52 
rails in, Xv, 161 
raise d panel work sa XXV 
ee ade in, 5 


lotta gle in, 289, 872-3 
securing boards in, 160 
equare edges in, 61 

stylea in, 161, XXV 

aunk feathers in, 52 
surfaces flush in, 161 
technical suggestions of, 50 
tenons in, 288 

tongued, 52, 873 

pongns joints in, 216 


vertical joints in, 218, 288 

vertical pieces in, 288 

vertical styles in, 161 

Venetian window in, Lr, iV 

windows in, XXVIU, Li, LU, 
LIV 


Joints: 


Junctions, 


ee 


mason 
Tome: Ty, 21 


0 

ceiling, XXXVII 

dimensions of, 244 

onrnals, carding machine, 245 
carpentry, Vil, XIX 


Keels of ships, even, 77 
Keys: 


carpentry, 61, XIX 


joinery. 6f a 


King-posta: 
coed ap » Vij 
roois with, xix 
trusses in, 69 
Kitchens, hou. -planning and, 126 _ 


penetra’ 7 
cottun manufacturing and, 29 
hbk and metal gauges, 84, Ist 


arable, 82 
dimensions of, 140 
measurement of plots of, 842 
necessity for arable, 82 
plots of, 842 
Land-draining: 
ability in, 849 
absorption of water and, 153-4 
aration of soil by, 152 
deep, 152-8 
droughts, as affected by, 163 
effects of, 15 
. fallacious ideas on, 152 
prod design in, 349 
istory of, 850 
introduction to, 151 
laying out of, 849 
mechanical effects of, 153 
object of, 151 
physical eifecta of, 153 
retentive soils and, 154 
skill in, 849 
soils in relation to, 153-4 
suggestions in, 850 
syatematic, 349 
temperuture of soil raised by, 163 
thorough, 153 
Lapping : 
calico printing and, 828 
machines for, 871 
Lateral surfaces, roads and, 209-300 
Larders, house planning and, 127 
ad : 
red, R61 
sulphate of, 860 
white; see “ White ” 
Le Blanc's process of soda-ash 
making, 176 
Ledges, joinery, 160 
Lengthening pieces, joinery, 21-17 
Lime : 
action of, 884 
calico printing and, 19 
cement dependiug upon, 344 
mortar made with, 334 


ines : 
building, XLVI 
draughtsmauship, XV, 70-2 
geometrical, 252-3, 881-0 
loud, 819 
Links, eyes of, 214 
Lintela, masonry, 847 
Live-stock : 
classes of, 81 
farm produce for, 296 
feeding produce for, 206 
ed adaj.ted for, $v 
See alao “ Cattle ” 
Load-line, ship building and, 819 
London sewage, 192 
Longs, masonry, 212, 249 
Loom, new hand, 19t 
Luwinous paint, sa 
Lungs, cattle's, 220 


Machine belting : 
coming off of, 185 
condition of, 388 
dnving pulleys and, 135 
economy in working of, 182 
grip of, 136 
materials for, 4 
peculiar featur « of, 185 
power and, 89 
power transmitted by, 135 
strains on sides of, 182 


strength a 
surfaces a 188 
Yor. -. 


INDE.Y. 
Masonry (conti : 


Machine belting (continued) 
Working of, its 


Machine-making : 
ability prelimfoary 


to, 291 
bevel-.oothed wheel gearing in, 
Vv 


L 
calculations in, 87 
design in, 291 
difficulties of early, 290-1 
early history of, 109-10 
early periods of, 81 - 
early om of, 290-1 
early work of, 82 
establishment of, 1 
examples of, 81 
Gearing in, LV 
eneral, 110 
istory of, 109-10 
introduction to, 81 
invention in, 2y1 
manual labour and, 31 
new, 109 
practical, 208 
Sd | in, 208 
8 n, luv 
technical principles of, 31 
theuriea in, 208 
tool making and, 82 
tools for, 82, 110 
Watt's difficulties in, 291 
Machinery : 
calico printing, 206-7, XXII 
connecting ruds in, 
cranks in, 1 
details of, 1 
draughtamanship of, xv 
carly, 82 
ecceotrics ip, II 
gallows in, U 
hangers in, 1 
introduction af, 82 
manuil labour and, 3l 
materials of carly, 32 
pedestals in, 1 
plummet blocks in, 1 
porcupine cottun, 200 
whafte ui, 
wheel gearing in, 1.V 
wire gauges and, x4 
See algo" Building and Machine 
Draughtemanship ” 
Maize-starch, manufacture of, 101 
Mauufuctures,  draughtemanship 
and, 26 
Manures, farming, 802 
Market gardening : 
early, 316 
distinction concerning, #16 
general and, 316 
Introduction to, 816 
qu.ck successions in, 317 
vegetables and, 816 
Masonry: 
angle quoins in, &18 
architraves in, XXXVI 
ashlar blocks tn, 119 
ashlar walling in, 119 
ashlar work in, 447 
balconies in, XXXVI 
base monlds in, XXXV! 
biccks in, 250, XXXVI 
bonding in, 121, 210-12, Ji 
bundipg stones in, 249 
bonds in, 210-12, 249 
braking joints in, 212 
bricklaying wad, 21 
bricks combined with, 250 
broad b aring in, 2 
bricklsying combived with, 1.v4 
Carton pierre iv window, LIV 
chamfered work in, 447 
church dvor in, Lait! 
cills io, 317-8 
coping stones in, $13 
corners in, 249 
cornices in, XXXVI 
coursed rublile-work in, 249 


courses in, 132, 


bta in, N4 
defeoti* forte in, 119 


Geiiuition of, 31 


details of, 113, LXIL 
dutails 


of houses in, 3Xx¥1 
dimensions of stoves in, 119 


divislous of, 2! 


doorways in, RXXV! 
dressed stones in, 119 
external joints in, 120 
faces of stoves in, 120 


false ashlar, 119 
finishing in, 120 
gables in, 111 


utters in, XXXVI 


eadera ia, 212 


horizontal courses in, 129 


interlocking in, 212 
introduction to, 2! 
jambea in, XXXVI 


joiniu in, 848 


oints in, 190, 122, 212 
eading divisions of, 21 


lintele in, 847 


longa in, 212, 249 


materials for, 21 


mulliona in, XXXVI 


names of parts in 


picrs in, 244 


119 


plain tooling in, 119 
polished stones in, 119 


practice of, 21 
principles of, 21 


proportions of stones In, 119 
quoiue in, 249, 8, XXXVI 


rubbed stones in, 119 
rubble-work in, 249, {47 


rusticated, 118 


rustica in, XXXVI 
shorta in, 212, 24y 


atunes for, 23 
stones in, 119 


atraight lined, 119 
stretchers in, 212 


strings in, XXXVI 


terma in, 119 


terra cotta und, LXIit 
throated work in, $44 
throughs in, 212 
tovled rtoues in, 119 


Venetian window in, Lint, 16x 


vertical courses in, 122 


wall construction and, 21-4 
walling in, 119-20, 210-12 


walla in, 122 


weathered work in, 848 


window architraves in, XXXVI 
window heada in, 111, XXXVI 
window mullions in, xXxvi 
windows in, 847, LIN, Liv 


Meat: 
cattle-feeding and, 81, 83 


graziering and, 87 


Measures, met 


rica], 888 
Mechanical draughtamanatip ;: 


correapundence on, 345 


Bee a 


“ Building aud Machine 


Draughtsmanship " 


M:chanica : 


accumulated facta in, 180 


application of, 1433 


basis of, 278 
boiling in, 864 


calculations in, 186 
conjectures in, 231 
correspondence on, 845 


dange 


t to students af, 27! 
data for calculations in, 188 


disquisitions on, 279 
in, 364 


dynamics in, 


early stages of, 200 
early times of, 184 
early workers io, 18! 


energy 
energy in, 807 


ins, 862-3 


$98 
Mechanics ( 


loose atady of, 281 

man in relation to, 189-4 

motive pov in, 868 

patural lawa in, 180, 189 

natural phenomena in, 180, 281 

history of, 18] 

observation in, 188 

overlooking of difficulties in, 181 

philosophy of, 180 

popular notions about, 130 

power in, 862-5 

practice essential in, 180 

pressure in, 808-7 

principles af, 180 

range of, 130 

revolutionised, 865 

acience of, 278-9 

ecientiiic men on, 278 

sources of energy in, 863 

ateam in, 864 

atrength in, 868 

turma in, 3u0, 278 

theory vaseptial in, 180 

theories in, li, 274 

thermo-tlynamics in, 848 

treatment of, 180, 2H 

two great laws in, 182 

water power ip, 8b 

wider range of, 180 

wind powur in, 364 

work dono in, 82 

See alac " Engloooring " 

See also “ Machine making “ 
Members, carpentry, 869 
Mon; see Workmun ” 
Motala: 

balls of, 244 

bara of, 244 

calculations of contents of sur: 

faces _ evs 

gau ’ 

wits of, 24 

weighta of, 244 
Metrical weights and measures! 

British equivalenta of, S48 
Mezzanine ore, 174 
Mill-hands: ese “ Fuctory” 
Milner white lead, 880 


Mind : 
handicrafte and, 875 
Mississippi, water power of the, 844 
Mitres, jenery, 289, 872-8 
Mordanta, calfco-printing, 170 
Moreaque, decoration in, | 
Mortar, lime, 544 
Mortises, joinery, 288 
Motive power, sources of, 865 
Mouldings: 
wathetic and artistic, 178 
beauty in form of, 172, 174 
decoration, 1, XXVI 
definition of beautiful is, 172 
form diversified in, 174 
introduction to, 172 
juinery, x1, 52 


teste an a term in, 17 
Mullions, masonry, XXXVI 
Museum, outameraal, 91 


Nails, stee) ¢, iron, 43 

New Orleans Exhibition, 244 

New York trade schoola, 34Y 

Nitrous fumes, eulpharic acid 
making and, 77 


Oars, boats’, 379 
29 


396 


blige ert: ranghtsmanshtp, 


Oblique pisces in carpentey, XIX 
Oita froepang. ir 
Open lines, 884 
"anno 
appro ' 
fitness of, 187 
Ornamental dranghtsmanehip: 
ability in, 26 
angular Ines in, 71 
art in, 26 
manufactures and, 26 
tic decoration and, 112 
beginners in, 2 
black-lead pencils for, 28 
building draughtamanship dis- 
tinguished rial - 
cartridge paper for, 
charcoal eo for, 27 
classes of, 26 
combinations of lines in 172 
construction in, 25 
copies in, 200.1 
copying of curved lines in, 166-9 
crayons for, 27 
curved lines in, 166-9 
decoration and, 112 
design in, 25 
design for, 886-7 
deaigns in, VI, XII, XVI, XxX, 
XXX, XXXIV, XLII, Lb, LI, 
LVII, LIX 
drawing of curved Iines in, 166-9 
drawing paper for, 28 
elements of, 26, 28, 112 
firat lessons in, 70 
firat atudies in, 822-8 
form in, 26 
fourth leason in, 72 
truit in, 821-2 
undwork, lessons in, 27 
horizontal lines in, 71. 
fiustration of, 178 
importent point in, 72 
lnk for, 
pledaphige to, 26 


esaone in, 27 

lines in, 26, 70-2; see aleo 
it Lines » 

machine i ei oa dis- 


tinguished from, 7 
manufactures and, 26 
mastering of, 26 
materiala for, 27-8 
meaning of ornament in, 175 
modela in, XLII 
nature in, 26 
oblique lines in, 71 
paper for, 27 
pen-and-ink, 28 
pancile for, 27 
practice of, 25 
acrap-paper, 28 
scrolls in, XII, Li 
second lessons in, 71 
slate syatem of, 27 
sloping lines in, 71 


atraigut and curved lines in, 199 


wtraight-line figures in, 11248 
atraight lines in, 70 
students in, 28 
cutie ot 28 ing in, 821-8 
subjects for ng in, 821- 
technical otk aud, 2h 
third lessons in, 71 
tools for, 27 
vases in, 831-2 
vertical lines in, 70 
work of, 26, 176 
Ornamental stone : sce“ Stone" 


Ornnmental terra cotta: aes “ Terra 
Cotta " 


Ornamental wood-working : 
absenoe of, 94 


artistic, 99 
artistic design in, 288 


Oxide 
Oxy-chloride white lead, 880 


INDEX. 
Omen! ostwenng (om Pigs pccnets 
base of artistic, 98 Piston roda, eee peep ay 
beautiful, 99 geom 


or, 264 
domestic strnotures and, 98 
examples in, 284-5 
\ exceptions to lack of, 09 
exterior work in, 288 
flat surfaces in, 265 
improvements in, 99 
introduction to, 7 
an 
ere coat of, 226 
public buildings and, 98 
reaction in, 99 
richness of, 98 
taste in, 99, 225 
timber used for, 285 
treatment of, 988 
true feeling of, 98 
wide field for, 225 
young artists in, 288 
zinc, manufacture of, 859 


Paddles, propulsion by, 879 
Paint 


lurainous, 884 
See also “ Pigments” 


Panels; 


decorative, XXXII 
drawings for, XVII 
joinery, IV, XI, XVIII, XXV 
asap house-planning and, 127 
aper s 
ecorative, XXX13 
dimensions of drawing, 190 


draughtamanship, 27-8, 101, 288-9 


roofing, $41 

waterproof, 841 

Willesden, 841 
Parabola, geometrical, 884 
Partitions, carpentry of, XIX 
Pastes, calico-printing, 64, 170 
Paving bricks, 224 
Pedestals, machinery, 11 
Pens, draughtamanship with, 28 


encils ; 
black-lead, 28 
charcoal, 


draughtsmanship with, 27-8, 851 


grades or marks of, 190 

pointing of, 85] 

preparing for work of, 268 
Perforated bricklaying, xxx 


seal sie lines, geometrical, 
Perspective draughtamanship, xv 


Petroleum, refuse of, 91 
Picture planes: 
building, XLVI 
draughtsmanship, V111, XV 
Piers, crushing weights on, 244 
si sa 
y in, 259 
chemical properties of, 259 
covering power of, 259 
defeota of, 888 
» density of, 259 
drying, 259 
n n-drying, 269 
non- nous white, 188 
opaque, 258 
paint $08 
prine pie cee as At of, 268 
properties of, 
red, 86 
traneparent, 258 
white, 259 
white lead : se ‘' White Lead” 


correspondence on, 46 
‘Plow jqizta, joinery, 216 
hed good, 4 

an 

good, | in os 

Piommet-blocks, machinery, 1! 
Pla force-pump, LXIV 
Points, geometrical, 359.8 
Points 0 eight, bullaia , KLVIL 


Porcupine machine, cotton, 265 


Portland aaa concrete made of, 


41,1 
Potato ivory, 194 
Power : 
belts and transmission of, 89 
heat as a, 864-5 
mechanical, 862-6 
motive, 865 


, steam, 864 
ateam engine, 809 
water, 86 


wind, 564 
Pressure, mechanical, 806-7 
Primary colours, 882 


Prime movers, steam engines aa, 278 


Printing: see “ Calico 


Prize scheme, poet to competitors 


in the, 14 


ren: 
techaical echool, 48 
turning, 48 


Public bulldings, ornamental work 


in, 98 


abso / 

belts in relation to, 185 
condition of surfaces of, 292 
convexity of, 136 
gigantic, 192 
wurfaces of, 292 

Purlins, carpentry, VI1 


Pyrite sulphuric acid made from, 


Queen poste: 

carpentry, Vil 

roots wiih, XIX 
Quirk-bead joints, jojnery, 218 
Quoins: 

angle, &48 

masonry, XXXVI, 249, M8 


Rafiers, carpentry, VII, 
XXXVI 

Rails, joinery, 161, xxv 

Railwaya, mileage of, 141 


paeey station, largest passenger, 
Railway traina, electric lighting 
of, 191 


Rain water : 
ciaterns for, 89 
supply of, &g 
tanks for, 89 
value of, 89 
Ravines, roads crossing, 59 
phates fam joinery, 52 
eceanes, house 
Red aa a colour : 
pe 861 ae 
enta for, 861 
Vermilion, 86 


on, 861 

Reveals, bricklaying, x 
Ribs, joinery, 51 
Right angi joinery, 289, 872-3 

gnt angles, ’ 
Right ie geometrical, $52 
Rivers, crossing, 59 
Road-making : 

introduction to, 57 

laying-out in, 57 

materials for, 57 

roada and; see “ Roads” 

rural, 57 

subarban, 67 


XIX, 


plapning and, 202 


deviations of, 58 

palais 9 power on, 58 ° 
pecaneny ot Kon 88 
economy of dra wer on, 
caeartiall of, 57 du 
first easential of good, 57 
flat-surfaced, 209 ; 

force required:on, 68 

forma of, §7, 800 

friction fn, 58 

panes of, 67, 58 

clines of, 87, #8 

pepeeons of, és 

ateral form of aurfaces of, 299 
pong | inclined, 800 
level, 
power required on, 58 
proper form of, 800 
ravines crossed by, 59 
repair of, 67 
rivers crossed by, 69 
round -surfaced, 299 
sections of, 209 
ateep inclines on, 58 
wet-clay soils for, 57 
See also “Road Making” 


Rods, machinery, 1! 
Rollers, calico printing, 828 
Roman: 


bricks and tiles, 65 
iron making, 987 


Boofs; 


carpentry, VII, XXVI¥, UX! 

othio, LX1 

joints in, Lxy 

paper for waterproofing, 641 

plans of, 218 

ian f large, 218 

plans of large, 

‘ventilation of, 206 
Kose plants, insects on, 885-7 
Rosin soap, calico printing and, 20 
Rounded lines, geometrical, 684 
Rubble ; 

coursed, 28 

masonry, 249, 347 

random, 28 

walls of, 28 
Ruatios, masoury, XXXVI 


Bails, propulsion by, 879 
Salt ee 


composition of, 177 
manufacture of, 177 


Sanitation : 


aspects of, 129 
circumstances inducing, 128 
domestic side of, 190 
elements in considering, 129 
cat pee a er 

m ’ 

scores dusificla and, 129 
position of, 128 

acience of, 128 

aocial 


Schools : 


difficulties in technical, 144-5 
New York trade, 889 
“ Technical Journal” for, 196 
valne of technical, 91 


ustrial work and, 95 
chanical, 278-9 
Chine and, 208 
dtation and, fos 
dbuilding and, 287 
and, atone preferred in, 812 
paper draughtamauship and, 


ve propulsion by, 879 


sorative, XXVI 
wings of, XII 
shers, cotton, 871 
ndary colours, 832 
ons: 

dhitectural, 214-15 
nery cross, XXV 
8, farming, 802 
gc, London, 192 


2 
3h prossure, XLIV 

achinery, Il 

building ; 

lk and weight in, 818 

oyancy in, 269, 818-20, 876 
ntre of buoyancy in, 2609 
Tnitions in, 237 

splacement of water in, 270-2, 

18 

‘planation of points in, 269 
tation in, 287, 269, B19 
‘roduction to, 2838 

nd line in, HY 

woe of flotation in, 819 

"ence of, 287 

ips, and see “Ships” 

ility in, 820 

rimming in, 287 

thnical considerations in, 288 
‘ma in, 207, 877 

vight in, 272 

right and bulk in, 818 

ee alao ‘ Boata” 

2B: 

uoyancy of, 876-7 

urden of, 272 

antre of gravity in, 877 
ynveyance by, 233 

eck cargoes of, 877 
isplacement in, 377 —- 

ven keel in, 877 

uiding of, 879 

ieeling over of, 877 

elms of, 879 

nventions in, 285 

yading of, 877 

addles of, 879 

litching motions of, 879 
iropulsion of, 879 

‘ighting of, 877 

dling of, 878 

ails of, 879 

xrews of, 879 

itability of, 877-5 

iteering of, 879 

onnage of, 272 

wind and, 879 

orthorn, cattle known as, 222 
ats, masonry, 212, 249 
uttles, conpred timber for 843 
oer ail ee nd, 17 
geing, calico printing a 
bap Gitle tested by, 221 

tes, dranghtamanship on, 27 
ide valves, high pressure, XLIV 
ping ugh ip, 7 


ain 20 

atilisation of waste, 87 

da ash, calico printing and, 20 
ja ash making: 

shemical changes in, 176 
shronology of, 176 

wz Blanc's process of, 176 
fits, carpentry, XXXVI 


Boils : 
brick, 56, 228 
drainage and, 153-4 
farming, 301-2 
mixing of brick, 228 
retention of water by, 154 
roads upon wet clay, b7 
Souring, calico printing and, 20 
South Kensington, exhibition at, 48 
Specifications ; 
architectural, 88 
enginecring, 88 
Spun-goods, factory work and, 29 
Slates, draughtamanahip on, 27 
Staircases, plans of, 218 
Starch, manufacture of maize, 191 
Stays, carpentry, XXXVIL 
Steam ; 
compresacd air against, 191 
power, 304 
Steam engines : 
capacity to understand, 809 
continuing value of, 278 
cylinder details of, 853 
detailed drawings for Sheet ii 
details of, 276 
diayrams of, 809, 858-5 
distribution of steam ip, 868 
drivers of, 276 
early construction of, 291 
electric envines verana, 278 
expansive work iu, 354 
first coustruction of, 201 
force pumps aud, LXIV 
future of, 275 
8 engincs versus, 275 
igh pressure, see High Prea- 
sure" 
importance of knowledge of, 276 
indicators of, 277, 810-11, 853-5 
introduction to use of, 273 
inventor of, 201 
knowledge of, 276 
managenient of, 809 
new views aa to, 278 
pointe of, 800 
power of, 809 
prime mover value of, 278 
principles of, 276 
aetting of valves in, 30) 
superseding of, 273 
pupplanting of, 276 
users of, 276 
valves of, 3U9 
Watt's, 291 
Btvel ; 
castings in Bessemer, 85, 145, 
839, BSi 


, 882 

definition of, 157, 803-4 
extended une of, 166 : 
making of : aee Steel Making ” 
mechanical construction and, 156 
modern furm of, 154 
duila of iron and, 848 
new metals called, 156-7 
older form of, 156 
old forms of metal called, 504 
trne, 187 
views on, 156 
what is, 808 

Steel making: 
basic process of, 296 
Bessemer, 240-2 
engineering und, 155 
Gilchrist (Thomas), 191 
hearth process of, 
ingots in, 240-2 
introduction to, 155 
machine making and, 158 
modern form of, 154 
new process of, 245 
open hearth process of, 298 
processes of recent, 155 
Tecent processes in, 165 
relations of, 155 
soaking pis for, 240-2 
See also “ Steel " 


England and use of, 
ornamental, XLVIII 
inferiority of, 818 
localities using, 813 
masonry, 23 
aap for, 812 
otland prefers, 312 
See aleo * Mnsonry ” 
Stomachs, cattle's, 220 
Storing convenionoss, house plan- 
ning and, 202 
Stoves, Cowpor hot-blast, 191 
Straight lines, geometrical, 252 
Rtraps, furce-pump, LXIV 
Strength, mechanical, 368 
Stretchers, masonry, 212 
Btring coursea, muasoury, XXXVI 
Struta, carpentry, Vi! 
Strutting, carpentry, 369 
Btylon: 
Joinery, 161, XXvV 
inaterials adapted to, 218 
Ralphate of lead, manufacture of, 
iC 
Bulphide zinc, mannfactare of, B59 
Sulphuric acid making: 
apparatus for, 76 
burning process in, 76 
caleiniug in, 76 
chamber acid in, 176 
chambers for, 77 
furnaces for, 76 
kilns for, 76 
lenden chambers for, 77 
nitrous fumes in, 77 
pyrites for, 76 
reactions in, 7b 
ariill scale of, 76 
theory of, 76 
Burfaces, geometrical, 64 


Tanks; 
contents or capacity of, 180, 248 
raitewater, 49 
Taste, definition of, 17B 
Teachers, difficulties of technical, 
144-f 
Technical education ; 
art in reference to, 150 
books for, 145 
Class difficulties of, 144-5 
colleen and, 95-6 
competition and, 94-6 
competitive ayatem and, 145 
condition of, 1 
Continental, 94 
definition of, 169 
a fiicultien in, 144 
Dresden, 48 
rraphic illustrations for, 196 
rome, 146 
iJlustrations for, 196 
industrial work and, 5, £5 
institutes and, 95-6 
introduction to, 1, 168 
linguistic root of, 169 
meaning of art in, 159 
metrical weights and measures 


tin gh iti d, 144 
retiring diaponitions an 
achoo! difficulties of, 144-6 
schoula and, 95-6 
slow, 144 
teachers of, 146 
text-book of, 146 
pird voce, 144 
what ia, 158 
working classes and, 95-6, 148 
workmen and, 874-6 
See also “Industrial Work ” 
Ti HNICAL JOCRNAL ; 
characteristics of, 196 
claims of the, 196 
cyclopmdic dictionary in, 248 


$97 
THORRIOAL JOURNAL (contine.J): 
= 
ee 
uniary valbe of, 
aspect lM 196 
special featuren of, 196 
youth and, 196 


Technical instruction, England not 
bebind in, 198 

Technical school prizes, 48 
Technical schools, value of, 91 
Technical atudy : 

curnestneas in, 198 

food example in, 198 
Technical terma, dictionary of, 


194 
PENNEY, Central Inatitution of, 


Tonous, joinery, 288 
Tenting, calioo printing and, 829 
Terminology, technical, 48 
LTerra-cotta ; 
dosigns in ornamental, XL1% 
detaile in, LXIN 
ornamental, XLVIU 
Tertiary colours, 882 
Textile fabrics, decorative, XXX 
Toxtilo factories; oe “ Factory 
Work" 
Textile iuatitute, proposed, 192 
Textile manufacturers : 
district of, 264 
glance at district of, 264 
See ulso “Ootton Manufacturing ” 
Texture, cattle toated by, 221 
‘lhermo-~lynamics, acionce of, 866 
Thermometric acalea, 190 
Thistlos, docoration with, LX 
Throated work, masonry, 848 
Through stones, masunry, 212 
Tie-beama : 
calculations respecting, 448 
curpontry, Vil, XIX 
Tiles, Roman, 66 
Timbor : 
breaking atrains of, 244 
breaking weights of, 168 
carpoutry, 9, 147 
comprussed, 848 
cottage in, XL 
crons-atrains of, 244 
fir, 244 
joinory, 62 
mous and weight of various, 


ornamental womlwork and, $85 
relutive value of, 244 

renistanco of, 244 

Riga fir, 244 

apocific ae) of, 244 

atrength of, 244 

trunaverne atrenyth of, 4 
weight and measure of various, 


Sea wlno “ Wood ” 
Tone of colours, 488 
Tongues and grooved joinery, 62, 


Tongue joints, joinery, 216 
sapesee ships in relation to, 


Touch, cattle tested by, 271 
Tools; 


carpentoring, 9 
draughtamanahip and, 27 
machinery, 82 , 
making of, 82 

Towns, road making in, 67 

Trade achoule, New York, 889 
Pees : 


Trees: 
carpentry, 147 
joinery, #2 


Trenails, carpentry, 61 


Truss; 
carpentry, Vil, 3866 


ee 
, 


398 


bie rig draughtsmanship with, 


Tuke gunna 44 
Turning, prises for, 48 
Valves: 


high pressure, XLIV 
steam-engine, B09 
Vanishing point : 
building, XLVII 
Gretenienenehp, VIII, XV 
Vases, drawings of, g21-2 
Vegetable food, gardening as pro- 
ducing, 162 
Vegetables : 
consumption of, 817 
cottage gardening and, 814-15 
domestic life and, 817 
England and use of, 817 
history of, 817 
introduction of, 817 
Vegetable tissue, cattle fecding 
converts, 88 
Venetian windows, 11, LIV 
Ventilation : 
facts and figures in, 296 
rooms and, 296 
Verwilion, manufacture of, 861 
Vertical joints, joinery, 216, 288 
Vertical lines : 
draughtsmanship, 70 
geometrical, B84. 
perpendicular and, 835 
Vertical pieces : 
carpentry, XIX 
joinery, 
Vertical styles, joinery, 161 
Vetches, decoration with, ux 
Villa gardening : see “ Guydening ” 
Villages, industrial, 246 
‘Vital organs, cattlo'a, 220 


Wall-plates, carpentry, XIX | 


The matter which originally appeurad on pages 48, 44, 91, 92, 141, 142, 191-4, 245-6, 297-8 and 848-6, 


INDEX, 

Walls ; White as a oolour (continue {) : 
cavity, XXXVIT sulphide sinc, 859 
construction of, 21-4 testing of zinc, 859 
decoration of, XXXII water-colour, 860 
papal eer 860 
m ’ zin 
materials for, 21 Whiting, manufacture of, 860 
rabble, 28 White lead : 
simpleat, 22 composition of, 880 


Warm ser de ge 
Waste products, utilisation of, 192 
Water: 
aération of, 246 
oy generated by, 844 
power, 868 
purification of, 245 
ahieve ane and displacement 


ot, 

soils likely to absorb, 158-4 

utilisation of power of, 844 

value of rain, 89 

wheels, 868 
Wator-colours, white varietics of 160 
Watt (James) : 

difficultias of, 291 

steam engines invented by, 201 
Weathered work, magonry, 48 


Wedges, carpentry, 61 
Wolght 


iron gauges and, 841 ° 

iron plates by thickneas and, 87 

shipbuilding and, 818 

shipa in relation to, 272 
Weights, metrical, 888 
Wells, capacity of, 243 
White as a colour; 

baryta, 859 

chalk, 860 

china clay, 860 

French, are 

Bum, 
elds of zine, 859 
sulphate of lead, 360 


emma FE, shone! 
— ee 





fermentation process and, 830 
mannfacture of, 88, 8380 

Milner process of making, 830 
objections to nse of, 831 
oxy-chloride process of making, 


testing of, 881 +4 
theory of making, 880 
use of, 881 
valuation of, 831 
ield of, 880 
illesden waterproof paper, 841 
at cotton subjected to the, 
26 
Wind: 
milla, B84 
ower, 864 
Windows : 
architraves of, XXXVI 
bricklaying in, XXVIII 
carpentry of, XXVIJ1, XXXVIT 
carton pierre in, LIV 
heads of, 111, x, XXXVI 
house-planning and, 126, 204 
joinery of, RXVIU, LI, Lil, LIV 
masonry heads of, XXXVI 
masonry of, LIII, LIV, 847 
mullions of, XXXV1 
' poffite of, XXXVII 
Wire gauges: 
Birmingham, 84, 184 
Lancaahire, 64, 184 
new standard of, 84, 18. 
technical points of, 44, 184 








Bp bikiry to in the 


Wood of various kinds : 
breaking strains of, ‘244 
calculations of contents of sur. 

faces of, 888-4 
‘ eross atrains of, 244 
relative values of, 244 
ee 
8 C 
strength ct, FA 
transverse strength of, 44 

Wood working : see “ Ornamental” 

Working classes ; 
books for education of, 148 
circumstances of, 148 
education of, 148 
home education of, 148 
hours of, 148 
individual study of, 148 
leiaure time of, 148 
technical education for, 95-6, 148 
working hours of, 148 

Workmen ;: 
art amongst, 227-8 
artificers as, 876 
completeness amongst, 227 
difficulties with, 87 
Reometry and, 251 

ndicraftemen as, 875 

mind and, 875 
technical education of, 281-2,874-5 
technical knowledge of, 195 
technical study by, 158 
thoroughness amongst, 227 
value for, 196 

Woven gooda, factory work and, 29 


* 


Yarn factory, 29 
aos TECHNICAL JOURNAL for, 


Zig-zag lines, geometrical, 252 
Zine, building and, 245 
Zinc white, manufacture of, 859 


ding indez, having been 


of ephemeral interest, is withdrawn from this edition, the malter substituted Leing referred to in the following 


Air 
steam raising and, 191 
Se alao “ naire 7 od " 
enjan cement, 


free surface in, 02 
steam and, 207 ‘ 
steam raising and, 101, 104, 348 
swelling in, 
water, 1-2 

co a 


Armenian, a4 
brittleness in, 101 \ 


, 9 
Poproper! applied, 101 
* isin laos, 44 
Basan, 20 
teate in, $44 
Turkey, 
» 845 
Coke fuel, 
fael, ei, 191 104, 945, 207, $45 
ts 
steam raising and, 161 


Portland i 91 
Condition of materials, 141 
Cooking fuel, 345 


3 
Efe 


Detalla, minor, 43 
Fngines, steam, 43 
Kvaporation of water, 91 
Force: 
uivalenta of, 93 
foot-pounds of, 92 
heat and, 346 ‘ 
Joule’s equivalent and, 92 
mechanical, 93 
unite of, 93 
See also ‘' Power” 


coke as, 945 
combustion of, 01, 101, 104, 245, 297, 


condition of, 245, 345 
and, 345 

handy pleces of, 348 

inflammability of, 206 

kindling of, 194, 206 

stoking of, 3465 
Purnaces: mer 

gas producer, 

regenerative, 246 
Gas producing : 

furnaces and, 245 
Glue: 

eo 

q 

Russian, 808 

pet of, 208 
evi oa 

2 

labs and, 191 
Grain of wood: 

varnishes 1s 
Gum —— 

on for, 193 

pacity ih 
of, 103 


SUPPLEMENTARY INDEX. 


Heat (continued) + 
molecules nf, 192, 343 
quantity of, 102 


spocific, 03 

unite of, 92, 191 
Home atudy, #4 
Tainglass cement, 344 
mates of fuel, 104, 245 
Lubrication, 44 

ines: 

treatment of, 141 
Marah-mallow : 

plaster of Paris and, 143 


8: 
carslesaness as to, 141 
condition of, 141 


Metanical canival ta of heat, 348 
cal equivalen 
Mechanical force, 93 
Minor detaila, 48 
Mortar: 
sweetened, 246 
oils: 
flashing of, 346 


Fores 
Practical NoteBook, 48, G1, 141, 191, 
207, 43 
Precious metal, 43-4 
t 


Saturated vapour, 03 
Bea-levol : , 

atmosphere at, 246 
Searching the recorde, 48 
Betting in plaster, 141-2 
Steam : 


Steam engine, 43 
Steam power, 91 
Stearn raising, 91, 101, 104, 207, 943, 
air and, 191 a 
polee dry ork 
perTacure an 
Stoves: 
regenerative, 2465 


cements and, 946 


Turkey cement, 3 
Varnishes : 





